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PREFACE

This report contains the results of the survey of the HHC market
and the MOS survey report conducted at the Ordnance School, Aberdeen
Proving Ground, Maryland.

The work was performed by Larry D. Francis and Girard W. Levy of
Battelle Memorial Institute Columbus Laboratories. The work was per-
formed under a Scientific Services Agreement administered through
Battelle Columbus Laboritories, Durham Operations, Research Triangle
Park, North Carolina, for the US Army Training and Doctrine Command
(TRADOC) . Marianne Weirich, US Army Training Developments Institute,
Fort Monroe, Virginia, was the Contracting Officer's Technical Repre-
sentative.

The sponsor of the work was the Ordnance School, USAOC&S,
Aberdeen Proving Ground, Maryland. Mr. Jim Dees served as Ordnance

School point of contact.

The outcome of Phase I of this project is presented in two reports.

The first report describes the available HHC and their training appli-
cation. The second report details possible course application and
makes recommendations concerning specific HHC for each application.
The follow-on test evaluation will be based on the findings of these

two reports.
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INTRODUCTION

Background

Hand-held calculators, a product of technology only about a decade
old, have now become standard fixtures in many classroom and field situations.
This is especially true in certain disciplines such as engineering, navigation,
etc., where extensive calculations need to be performed with a mobile unit.
More recently at Ft. Sill, Oklahoma, it was found that a large fraction of the
calculations performed by the FADAC Fire Control unit could be programmed into
a Texas Instruments TI-59 programmable calculator.

During 1981 several manufacturers marketed or announced they would
market hand-held computers. These devices have as much or more power than
some existing microcomputers, yet retain the size and portability advantages
of the hand-held calculators. This study was undertaken to examine the poten-
tial of these new, more powerful devices.

Purpose

The purpose of Task I of this study was to survey available hand-
held computers (HHCs) and compare their capability to serve as a generic
delivery system for training purposes. Task Il of the study will survey
selected Army courses taught at the U.S. Army Ordnance Center and School
(USAOC&S), and suggest specific areas which could be more effectively taught
using HHCs. This HHC study is focused on the "mainframe" of the HHC rather
than on the peripherals. The guideline for the study was that the machines of
greatest interest were those that would function without additional components,
peripherals, wires, and connections when the actual training use was taking
place, although additional components and connections for transferring programs
and data were expected.

Device Definitions

The distinction between a calculator, a hand-held computer, and a
microcomputer is not clear. Theoretically, to be a computer by the von Neuman
definition, the device's memory must be capable of being divided dynamically
into either program or data storage. That is, the device cannot have a fixed
partition which 1imits the number of variables to a certain number and reserves
the rest of the memory for programming. This fixed partitioning is evidenced
by machines at the "calculator" end of the spectrum; they frequently specify
the number of "program steps" permitted. Some devices also have a fixed area
for variables, but "excess" variables needed may spill over to the program
storage area; according to the von Neuman definition, these just qualify as a
computer.

Other views of the calculator vs. computer distinction argue that
calculators do all calculations in floating point arithmetic, handle no
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alphanumeric string processing, and have no alphabetic display capabilities.
A11 of these definitions tend to clarify the typical characteristics of these
machines, but this study nevertheless made some examination of even those
machines that fall into the "powerful calculator” classifications by most
definitions.

Distinguishing an HHC from a microcomputer on the basis of comput-
ing power is difficult because the Apple and PET computers use the same micro-
processor that the Quasar/Panasonic HHC uses. A fundamental difference, how-
ever, is the display requirements and capabilities. Microcomputers require ac
line current to power their relatively large cathode ray tube (CRT) displays.
HHCs have small displays and use only battery power.

Scope

This study examined the uses of the Hand Held Computer (HHC) as a
job aid in an enlisted MOS and officer speciality resident training environ-
ment. Potential unit training was a consideration that was also addressed.
Because resident training was the main thrust of this study, those appiications
which were non-training related were de-emphasized. Care was taken to avoid
developing a reliance on the HHC that would handicap the student when he was
in the unit at his job site.
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DISCUSSION

Conduct -of the Study

The statement of work for this task included a 1ist of questions to
be asked about each HHC. After doing some preliminary reading and trying out
PN several HHCs, Battelle expanded the list of questions; the final 1ist of HHC
‘ features is found in Appendix A.

To fill in the "features" table, Battelle performed a literature
search to identify manufacturers and machines, and obtain partial and prelimin-
ary data. To obtain specific information, Battelle contacted the information
: sources noted in Appendix C in person, by telephone, by mail and via electronic
. mail. Sample issues of newsletters were obtained, discussions on electronic
’ networks (PLATO) were initiated, and HHCs were borrowed and programmed. A
number of Battelle experts were also consulted.

Devices Noted

3 This investigation found quite a number of devices which were candi-
4 dates for initial study. Upon examination many were found not to warrant
further study because they fell outside the guidelines and definitions pre-
L sented above or because they had inadequate resources to be useful. A summary
i e of all devices noted and their reason for rejection from further investigation
!!!‘ (in some cases) is presented below.

Panasonic RL-H 1000 & 1400/Quasar. These two machines are identical,
3 but are being marketed differently by the two organizations. This HHC is the
- "cream-of-the-crop”" from nearly every point of view. It is accompanied by

: a relatively vast assortment of peripherals, but little software at this time.
F The superiority of this HHC is based on a fast microprocessor connected to

5 large amounts of RAM and ROM storage (see Appendix D). The modular construc-
L tion makes a wide number of applications possible; this broad market should
;n/ insure a relatively long life for the hardware and a large user group from

o whom software might be acquired. Panasonic plans to market only to large

= buyers who will need custom-designed software; Quasar will concentrate on the
: retail and will encourage and probably help market software written by many

: independent vendors.

[- Sharp PC 1211/Radio Shack TRS-80PC. These are dually-marketed,

5 essentially identical machines with parallels to the Panasonic/Quasar pair.

S Sharp is selling only hardware; Radio Shack is retailing with relatively

_ heavy software support. This device is much more 1imited in capacity, speed,
and peripherals compared to the Panasonic/Quasar HHC (see Appendix E). It is
not expandable, but as a calculator, it has more built-in features (trig func-
tions, calculator memory locations, etc.) than the Panasonic/Quasar. Sharp

X is designin? a successor to this model; no improvements or additional peri-

) pherals will be developed for the current model. Of all the devices examined,

. . this was the most compact. ‘
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Hewlett-Packard HP-41C(V). For a device that looks 1ike a calcula-
tor, this machine includes a comparatively large memory and numerous peri-
pherals. Having been on the market for a while, there is a selection of
programmed application ROMs, a user's library, and a newsletter. Though
marketed as a calculator, internally this device resembles a computer more
than does the Sharp/Radio Shack machine. The 41-CV is a 41C with more memory
(see Appendix F).

Texas Instruments TI-59. The TI-59 is somewhat 1ike the HP-41C in
terms of age and abundance of supporting software and use experience, but
lacks alpha capabilities.

Pinetree 2002. The Pinetree device is designed more as an intelli-
gent hand-held data terminal than as a calculator or a computer. In contrast
to all the devices noted above which have a few optional peripherals built
around them, the Pinetree is designed to be used in connection with a central
data receiver. Although the hand-held unit might function similarly to the
other devices discussed, no other machine is integrated so thoroughly with a
centralized receiver/transmitter.

Casio FX-702P. This device has the appearance of a Panasonic/Quasar
and the most comprehensive BASIC language of any HHC, but is generally program-
med with function keys rather than alpha commands. It resembles a program-
mable calculator that handles alphanumerics (see Appendix G).

Transterm 1. Though this device has a much larger display than
usual (64 ~5x7 characters), there is no available storage in the 128 byte ROM
which could be used for training. The firm said they have plans for expanding
the memory to 5-6K in the future; for now the device is only a data terminal.
It was not investigated further.

Sinclair ZX81. This new microcomputer is the least expensive ($150)
microcomputer available. It requires ac power for the TV monitor; a battery-
powered TV could be used, but would hardly make the device pocket sized. In
the future, a tiny flat TV screen to be marketed by Sinclair (discussed later)
could make a convenient hand-held device, but no spokesperson at Sinclair
would give details about forthcoming products. Accordingly, this device was
not investigated further.

Newbury New Brain MDB. This is a large device with a full-sized
keyboard. Tt has many capabilities, but is well over pocket-sized (see
Appendix H) and has a short battery life.

Nixdorf. Popular press reports that Nixdorf is producing hand-held
computers are apprently based on conjecture that because Nixdorf produced a
hand-held language translator with Friends Amis (who are producing software for
Panasonic/Quasar), they would also follow with a computer. No further investi-
gation was made.

NS
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Table of Features

Appendix A presents the important features of the various calculators
and HHCs which were investigated further. In several cases, Battelle did not
feel confident that the answers supplied were accurate; in other cases,
vendors promised to search for the answers to questions, but those answers
have not yet been received. In both cases, a blank spot has been left pending
further information. The most regularly missing data are those related to
ruggedness and environmental requirements. Those measurements have not, in
general, been made, and when made, are considered proprietary.

The following subsections discuss aspects of the six more-thoroughly
investigated devices which are not adequately portrayed by the table data.
The data reported in the table are focused more strongly on features of
interest to the user and less strongly on features helpful to a programmer.

Panasonic/Quasar Overview

Even if this HHC uid not have such a powerful processor or if it
required ac power to operate, the Panasonic/Quasar would be worth mentioning
as a valuable new microcomputer. This rather significant assertion is based
upon the excellent man-machine interface design and the well-prompted software
in this HHC. For example, when first turned on, a menu of available options is
presented, one item at a time labeled with the key to access the option. If
application or language ROMs have been attached anywhere in the system, they
automatically appear in the menu. Selection of an option gives further simi-
lar sub-menus until the program or function desired has been reached. Hitting
the CLEAR key moves one up the menu one level. When Battelle staff showed
this device to people unfamiliar with this HHC, they could immediately figure
out how to use the menu features with no instructions. The speed with which
menu items are changed is controllable by the user at 10 speeds. A HELP key
explains the purpose of any key.

Because of the large array of peripherals, Panasonic/Quasar provides
three sizes of "trays" which make the HHC package rigid. The largest tray
holds six peripherals and is 12"x17". This is really larger than "handheld"
or "pocket sized", but many of the peripherals important for this study would
add only 4" to the length of the HHC mainframe. These peripherals include
extra RAM, the printer, or the RS-232C port. Any of these devices can be
attached easily and tightly to the HHC mainframe and be supported by a plastic
“"tray". If the 44-pin connector is not properly seated, the HHC beeps. All
connects and disconnects can be made with the power on.

Another example of the excellent engineering is the battery system.
When batteries run low, a message appears. The device can continue to be used,
but each keystroke causes a protesting beep (though the keys are processed).
If use is continued, the machine will finally shut itself down to retain its
memory. If the NiCd batteries have worn out and need to be replaced, capaci-
tors maintain voltage levels for a time while the change is made. The RAM
peripherals have batteries to keep their memory from becoming volatile: the
batteries are not used for power, but only to maintain a voltage. Thus,
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instead of putting a low battery indicator on the external RAM, a label is
used to indicate when the shelf life of the battery will expire. The capaci-
tors protecting this memory are sufficient that Dennis Reer of Panasonic could
connect and disconnect the RAM without losing the memory contents ever though
the RAM lacked the usual batteries. This is not a recommended procedure; how-
ever, 1t does demonstrate how forgiving the system is. No other device had
such a carefully designed power/battery protection system.

Many of the most powerful features of this HHC are available only
using the SNAP language (a compact, threaded language). This is normally
written on an Apple computer and downloaded. Within the constraints of this
study, a detailed examination of SNAP's capabilities was not possible;
however, the following items were determined. Using SNAP a programmer can
selectively turn on/off any of the 159x8 LCD matrix points effectively creat-
ing crude graphics, iconic representations, or special alphabets. This was
the only HHC that could do this on its display. In this mode the LCD can be
split-screened and can have animation. Dennis Reer reported that a demon-
stration of these features had been given at the press rclease meeting, but
the demonstration was not available for the Battelle visit.

One important peripheral change from the January 1981 Byte Magazine
announcement of this product is the replacement of the cassette tape recorder
with a tiny 5.25" floppy disk (not yet available). This change was made to
improve speed and reliability.

Software expertise from Friends Amis, Inc., has provided some clever
text storage compression advantages, claimed to be a savings of nearly 50%.
Many features such as the modified Huffman coding, the Mapping Algorithm, and
alphabetized 1list techniques (all described in the January 1981 Byte article)
could save considerably in the preparation of certain drill-and-practice or
information retrieval tasks; however, proprietary programming licenses from
Friends Amis would be needed.

Based on addressing limitations, the maximum RAM or ROM possible is
4 Megabytes. More practically, however, the current I/0 bus expander has only
six ports. Each RAM peripheral will add 8K (16K in 1982) and each ROM peri-
pheral will add up to 64K (four interchangeable modules of 16K).

Because this device has a RS-232C serial interface, it can easily be
connected to non-HHC peripherals or other computers. Data rates vary from 50-
9600 baud in 11 steps. For remote use an acoustic coupler at 110 or 300 baud
is available.

Despite the fact that the keyboard is as good or better than other
HHCs which were studied, few programmers would want to enter large amounts of
programming or data via the keyboard. It is more appropriate to develop and
debug programming on a large computer, then download it to this HHC for deli-
very. Additional flexibility may be forthcoming: a Wall Street Journal arti-
cle reported ROMs for COBOL, PASCAL, and FORTRAN were being planned. With
minor difficulty one can touch type, but for most training uses, this does not
seem important. The only keyboard feature the Battelle study found proble-
matic was that deletion of lines of code was too easy: the "delete" function
should require two keys. Again, this is not a problem for students.
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The BASIC language available (8K) has fairly powerful string manipu-
lation capabilities, but many commonly found features (for example, trigno-
metric functions) must be supplied by the user, if needed.

If one were teaching topics that required strictly numerical inputs
and calculations, the BASIC available on other machines would be more des1ra§1e.
The BASIC provided seems appropriate, however, given the other alpha capabili-
ties.

Summary. Overall the Quasar/Panasonic HHC is the top of the line
among the HHCs investigated. Its price is higher, but the performance, peri-
pherals available, thoughtful design, and flexibility give this device the
widest range of potential uses of any of the HHCs. One can imagine that
student data could be stored in an internal RAM, the HHC could periodically be
connected to an external RAM to have its student data dumped. The instructor
could use his HHC to sort and print the data from the external RAM and then
use a modem to send it to a large central computer. Alternatively, if desired,
a student external RAM could collect large amounts of data and the RAMs could
be collected from time to time so that their contents could be transmitted
elsewhere. In either case a central computer could download software based
on the student performance: new topics, remediation, or enrichment material.

Radio Shack/Sharp Overview

The Radio Shack/Sharp HHC is unique in that it utilizes two micro-
processors. Also in contrast to most of the other HHCs, it is not expandable
via application modules or memory extendors. All preprogrammed material must
be entered via the cassette.

For a HHC with a full QWERTY keyboard, this device is very light-
weight and thin. Its display consists of character areas, not a continuous
matrix; graphics and special characters cannot be made. Like the Panasonic/
Quasar, this HHC will store a BASIC programming statement that is 80 charac-
ters long, even though the number of characters that can be viewed in the dis-
play is only about one-third that many. The version of BASIC is fairly
complete for arithmetic calculations, but it has no powerful string parsing
commands. The size of BASIC program that can be stored is confusing: the
figures of 30-40 lines and 250 lines of BASIC have been printed and quoted for
both the Sharp and Radio Shack version. In either case the device suffers
from low RAM storage capacity and lack of interchangeable ROM capability.

When the low battery indicator appears, all programming and data need to be
moved to the cassette because the batteries are not rechargeable, no ac adaptor
is available, and no capacitors protect memory during battery changing.

A tray holds the printer and HHC firmly together so that they could
be used as a single hand-held unit (total size 1-1/2" x 11-1/8" x 3-3/4").
Radio Shack is selling and developing software for this device. Very few of
the announced titles appear useful to the Army.

Summary. This is a Tow cost, low performance device. If one didn't
need an alpha keyboard and BASIC, the TI-59 or HP-41C would probably be pre-
ferred for speed, storage capacity, and interchangeable ROMs. If these




trade-offs cannot be made, the Radio Shack/Sharp is the cheapest HHC available.
Sharp representatives indicated they didn't expect to add accessories to their
device, but rather are working on a new, more powerful HHC.

Pinetree

This HHC is unlike any of the other devices investigated for this
study. It is sold as standard product, but is customized; it is assembled by
a sma]l U.S. organization, not a multi-national; and, most importantly, it is
designed to be regularly connected to a central receiver/transmitter (as a
data terminal might be) rather than being essentially a free-standing unit.

It closely resembles a data terminal, and was probably designed as one, but it
may have potential for Army training applications.

Though its keys are few (16), two keystrokes per letter provide
alpha input, and three sockets for 8K RAM or ROM potentially provide room for
some training programs. An unusual feature (for an HHC) is the built-in
telephone modem that also lets two 2002s communicate with each other. When
normal speed transmission (300 baud) causes errors, the unit automatically

slips to 100 baud. The receiver can communicate with four 2002s simultaneously.

It has built-in intelligence, but is designed to be connected to a computer
(at up to 9600 baud).

Summary. This device clearly has some strong limitations and cannot
have broad applications, but its unusual architecture suggests that there may
be applications where its communications capabilities can be used to advant-
age. However terminals with less cumbersome input should be found if this
type of device is found useful.

HP-41C(V)

This HHC looks like a calculator on the outside, and like a computer
on the inside. For example, it has a full alphabet, but not in QWERTY layout.
It is programmed in Reverse Polish Notation (RPN) logic, not a language. It
has keys for many functions, but these functions can also be spelled. Inside
it can do moderate string manipulation and can even print user-designated
characters on its printer. The peripherals available include a printer,
magnetic card reader/writer, and a wand for reading bar codes. Four ports let
the user connect ROM, RAM, or peripherals. Since earlier calculator's magnetic
cards are compatible, a large library of routines and a considerable user group
is available. Unfortunately, the magnetic cards are comparatively fragile for
field use; the bar code reader provides a reasonable input device, however.

Summary. The reported speed and storage capacity of this device make
it a strong competitor against the Sharp/Radio Shack. Input (other than the
HP ROMs) is slow for either machine, but the two big "advantages" of the Sharp/
Radio Shack (the BASIC language and a QWERTY keyboard) are not of particular
advantage for the Army training need.
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TI-59

The TI-59 might not have been included had not the Fort Sill experi-
ence with hand-held devices used it. The T1-59 is much more clearly at the
calculator end of the spectrum. It has limited alpha capability, no program-
ming language, and a single and small display. As a programmable calculator
it is fast, efficient, and (with overlays) simple to use.

Summary. For a task that requires no prompting, short usage periods
(3-hour battery life), and high numerical accuracy, the Tl is very appropriate.

Casio FX-702P

Casio makes two HHCs which might be considered for inclusion in this
study: the FX-602P and FX-702P. Despite the similarity in designations, the
devices are quite different. The 702 is formatted horizontally like the Pana-
sonic or Sharp, and the 602 is formatted vertically like the HP or TI. The
702 seems like the device with the most potential for Army training. Unfor-
tunately Casio maintains only sales and repair staff in the U.S. and available
information is limited.

The important features of the 702, as gleaned from the September 16,
1981 EDN magazine are: a 65-key ABCDE format keyboard, the greatest math
power of any of the HHCs listed, an extra-powerful and compact BASIC, inter-
changeable ROMs, single-use Li batteries, and a $200 1ist price.

Summary. Its limited peripherals and non-expandable memory are its

chief limitations compared to the HP-41C. On the surface this device seems
to compete most directly with the HP-41C.

HHC-Related Devices

Because HHCs are still relatively new, there are many devices that
might be expected to be used as peripherals for them in the near future. This
section looks at new technologies which would expand the use of the present
HHC for Army training purposes.

Sinclair Microvision Flat TV. The lack of graphics is a considerable
constraint on myriad teaching applications. Printer graphics are sometimes
heipful, but cannot be animated. Even though a battery-powered TV could be
connected to the Panasonic/Quasar (or could make the Sinclair ZX81 a more
viable portable computer), few if any hand-held TVs have the proper size and
configuration to make a device one could call hand-held. However, Appendix I
shows an inexpensive flatscreen TV which is a possible entrant for this role.

Data Terminals. Though not investigated in this study, there may be
uses for low-cost, handheld data terminals in Army training. These devices
simply hold the user input until "dumped" at some central site. Often used
industrially for inventory control, these could potentially be used for
student management tasks of some kind.
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Smart Cards. Smart cards are microprocessors and storage which are
embedded in a credit card-sized piece of plastic. They can store and process
data when inserted into a reader. The familiarity and durability of this type
of packaging suggests it as an alternative to plug-in modules of RAM for the
purposes of transferring data.

Voice Qutput. Voice synthesis would allow soldiers working at night
and without 1ight to use HHCs, it would free the user from watching the dis-
play while performing some action or making an observation, and would compen-
sate to some extent for the small display space available on HHCs. The high
density storage techniques developed by Friends Amis could be adapted to feed
a phoneme generator like the Votrax. Panasonic spokesman Reer noted that
Panasonic was marketing talking calculators and microwave ovens; though no HHC
synthesizer was currently being readied for marketing, any customer needing a
synthesizer could expect quick development on such a device.

Potential Applications

Appendix B presents a discussion of potential applications for HHCs.
It is very preliminary and the examples will be expanded as part of Task II of
this study. The examples were devised by examining the capabilities of exist-
ing HHCs and imagining how they could be used for training. An array of needs
was examined: both "types of computer tasks":

o direct instruction (CAI)

e training management (CMI)

® Jjob aid or tool uses
and "types and sites of training":

e MOS

- classroom
- field
basic

officer
exported
self-training.

After discarding uses where another medium was more cost-effective (for example,
flash cards) and cases where HHC held no advantage (for example, when port-
ability adds nothing), Battelle estimated the computer resources needed. The
survivors of that selection process are found in Appendix B.

Findings

The overall conclusion is that there are HHCs available that have
the capabilities to perform important training tasks. A1l of the commercially

10
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available HHCs have extra features (e.g., perpetual calendar, programming keys,
etc.) that may not be needed for training applications. Although additional
memory and peripherals would enhance any existing HHC, several of the current
devices could handle a reasonable subset of the training applications identi-
fied. As stated previously, the Panasonic/Quasar is clearly the most versa-
tile, powerful HHC.

Until the training applications are more fully defined and compared
with the capabilities of the various available devices, firm conclusions about
the most appropriate and cost-effective HHC cannot be made. However, for the
conduct of a test and evaluation to determine the feasibility of using HHCs
for training, it is not advisable to buy the minimum capacity or lowest cost
device, since only a limited number of devices will be procured. It may turn
out that additional features are required for some unforeseen reason. There-
fore, it is recommended that a single type of HHC with maximum capability (or
two qualitatively different HHCs with high capabilities) be selected for use
in feasibility studies.

General Issues

Three important issues surfaced as the data collection process was
taking place. First, few manufacturers have considered field conditions other
than an office in designing and testing their HHC. Environmental and rugged-
ness data, when known, are typically proprietary. This area of the study was
consistently lacking in data and will require Army field testing and evalua-
tion of various resident training and unit applications for this type of data
to be collected.

Second, the data gathered are imperfect for measuring, except in a
crude way, the differences between storage capacity, speed of execution, and
ease of use. For example, some HHCs used elaborate encoding to save space
or increase speed. (For example, the Panasonic/Quasar uses the same processor
as an APPLE, but is reportedly faster.) Furthermore, the calculator-like
devices counted storage in terms of steps and registers, not bytes. Finding
an equivalence between these measures is not a mathematical calculation. The
only true measure of storage, speed, and ease of use (as a programmer or a
student) would be to write several programs of several types and benchmark the
devices of interest against these tasks.

The third issue concerns storage in RAM versus ROM. Some HHCs use
only RAM for application programs. RAM is often physically larger and more
expensive than ROM; in other ways RAM can do anything ROM can do. Because

RAM can be erased and written by the user (or his program), it is more flexible.

This means, however, that (in contrast to ROM) it can be accidentally or
deliberately erased. RAM is particularly important to have in large quantities
for uses which involve large quantities of data or user-written programs.
However, the only obvious cases where substantial amounts of RAM are needed

for training purposes are those involving computer managed instruction (CMI)

or "tailored" programs which would be selected for individual students,
specially defined and assembled by a central computer, and hooked into
student's HHCs. For disseminating more typical programs, it would be easier,
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possibly cheaper, and more reliable (with respect to erasure) to store applica-
tion programs in ROM and distribute the "standard" ROM or a HHC with the appro-
priate ROM aTready in place.

General Problems

During the conduct of this study, Battelle was reminded of several
problems that can be expected to occur in the programming and use of HHCs.

Pilferage. The value-to-volume ratio of HHCs makes them an ideal
target. In addition to the normal control mechanisms used to avoid theft
problems, it is desirable to build into the system as many safeguards and
obstacles as possible. Dennis Reer of Panasonic had the most innovative sug-
gestions -- some of which apply to other devices as well. He suggested that
the value of the device would be much lower if user-supplied ROMs were not
easily inserted. Therefore, he said Panasonic could manufacture an HHC with a
solid back. The street value for a device that had to be dissembled to change
application packages would be low. The master on/off switch could also be
eliminated to avoid accidental or deliberate data loss. Minor customizing of
the internal ROM software would be needed to require a password before delet-
ing RAM files.

Security. Panasonic offered to help Battelle make contacts with the
creator of severai encrypting algorithms (non-trap-door) which would be easily
implemented on their HHC. Such a security mechanism would be valuable if
classified information were included in a training program.

Guard Digits. A1l computers suffer from round-off errors. As a
result, an answer which should be "2" may appear as 1.99999999 or 2.00000001,
for example. Occasionally the lack of accuracy may be a real shortcoming
technically; more often high accuracy is not needed, but the unexpected
answers can cause confusion. To avoid this problem some manufacturers use
"guard digits", i.e., additional digits which are used to calculate the answer,
but are not displayed. For example, the answer may be calculated to the near-
est billionth, but displayed only to the nearest millionth. Although the
round-off errors still occur, when the answer is displayed with fewer signifi-
cant digits, no round-off error can be discerned.

Subtle Programming. In some cases, programming and optimizing the
execution of software on an HHC is not as simple and straightforward as is
programming a larger computer. Many versions of BASIC have unusual definitions:
the integer portion of -2.54 is often calculated as "-3". Also, many user
groups find unreported features. One user found 83 plotable characters on the
HP-41C instead of the 59 advertised. Another found a way to make the TI-59 run
twice as fast. Contact with user groups can often point up these curious, but
helpful, bits of data.

Pocketing HHCs. The pocket sizes on the new fatigue uniforms are as
follows: trouser thigh pockets (2) - 9" long x 9" wide x 3" deep (expandable
on only one side); jacket chest pockets (2) - 6" long x 5" wide x 2" deep (ex-
pandable on only one side); jacket bottom pockets (2? - 6" long x 6-1/2" wide x

12
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2-1/2" deep. Several manufacturers of HHCs have recommended they not be
carried in back pockets to avoid stress on the cases. Our observation is
that the HHC should not be carried in the thigh pocket as the computer is too
susceptible to damage in that location. Most HHCs studied would extend over
the top of the jacket pockets, but could be carried there, if desired.

Handling HHCs. As previously noted, most manufacturers have not
considered environmental conditions other than an office environment in design-
ing their HHCs. Use of an HHC by students in a field, classroom, barracks or
shop setting, where the device can be dropped or have liquids spilled on it,
etc., will shorten the life of the typical HHC. The ruggedness and reliability
of the various HHCs may 1imit the environments in which they can be effectively
used.

13
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;t POTENTIAL APPLICATIONS

This section identifies and defines 8 generic applications of compu-
ter devices to training. These applications are generic in the sense that
they do not consider the content of the application, but rather, its form.
These possible applications may not be useful in every training situation, and

have to be examined in light of specific training needs and computer capabili-
ties.

T -
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In general, the HHC's small size and self-contained power source
make it useful in a field situation, for on-site unit training, or wherever
micros are not available or easily assessable. The HHC can also be used as a
{ personal training aid in the school environment (classroom, laboratory or
learning center). Special programs, lessons, games, etc., can be loaded on
the HHC and student data can be off-loaded periodically. Further, the HHC
can be used for exported continuing education.

A

1. Job Performance Aids

y In this apnlication, the HHC is used as a dynamic information stor-
F age and retrieval device, or as a special-purpose calculator. Job performance
aids can be used for review prior to practical exercises, and can provide 0JT
through their use on the job. The focus of this study is on application of
HHC's to training rather than their use as a job performance aid.

! Examples of this application are:

1. Storage of parts lists and identification numbers
Storage of diagnostic check lists

: 3. Use as a special-purpose calculator for training
F engineers, field artillery officers, supply
officers, chemical technicians, etc., in the use
of less powerful calculators and tables.

b 2 262 and
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2. Tutorials

In this application the HHC presents instructional information (text
or graphics), followed by questions. Student answers are given immediate
feedback; then more information is presented. The instruclional information
can be original or remedial material. The sequence of presentation can be
linear or branching. The HHC can also store reference information and provide
it upon request.

Programmed instruction (as commonly provided by a microcomputer or
central computer) best illustrates this application.

B-1
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3. Drill and Practice

The purpose of drill is to consolidate learning that has already
occurred. In this application the HHC generates or selects problems, and
presents them to the student. Student answers are given immediate feedback;
then additional problems are presented. Problems can be generated randomly
or selected from lists. Feedback can be diagnostic or non-diagnostic.
Problem difficulty can be adaptive or non-adaptive.

Examples of this application are:

1. Drill on technical terms or symbols

2. A timed drill on arithmetic facts or foreign
languages

3. Drill on hardware identification
Drill in cross-referencing technical manuals

Adaptive speed semaphore or Morse code signal
practice.

4. Problem Solving

In this application the student enters a problem (e.g., assigned
practice problems), and works toward its solution on the HHC. As the student
works the problem, the computer checks the equations used, the procedural
steps, and the final solution. Guidance and feedback can be provided by the
computer throughout the process. This application can be used with mathe-
matical, scientific/engineering, or procedural problems.

5. Inquiry

In this application, the student poses questions to solve a problem
(hence its name "inquiry"). The computer answers the question or provides the
requested information. The student interprets the information, then asks addi-
tional questions. The student must ask the right questions to get the infor-
mation to solve the problem. The student's score is the number of questions
asked before solving the problem. Different costs may be associated with
different questions, analogous to the real-world costs of acquiring the infor-
mation. This application emphasizes decision-making, as the student must
pose effective questions, interpret the information presented, generate
hypotheses or possible solutions, and test these solutions.

Examples of this application are:

1. Twenty-questions or varieties thereof
2. Standardized problem exercises to teach principles
3. Non-proceduralized diagnostic problems.

B-2




6. Games

Games possess an intrinsic motivation or challenge that in some
cases may become addictive. Learning games provide motivation for new learn-
ing or practice. Computerized learning games can be played against a personal
standard (the student's previous best score), a chance factor, the computer,
or another person (inter-terminal game). Games are scored as won or lost, or
the computer can provide a score indicating how well the student did. Compu-
ter games can be timed, and can be adaptive or non-adaptive in difficulty.
Often, games require some randocmization to change the starting conditions or
sequence.

In this application the HHC stores the rules or equations which con-
stitute the game. The computer may select moves or change the sequence at
random. The computer scores the outcome and retains the previous best score.
If scores from other students are loaded, the computer can further motivate the
student by showing the best scores of other students or the student's percen-
tile rank. The computer may adapt the level of difficulty to the skill level
of the student.

Examples of this application are:
1. A troubleshooting game to teach diagnostic
strategies

A game to teach recruiters the recruiting process

A game to teach principles of base security and
defense

4. A game to teach Army organization and logistics.

7. Simulations

Simulations resemble learning games, but are more realistic.
Computerized learning simulations involve mathematical models or physical
representations of real systems. Computer simulations can be run in real
time or in simulated time (slow or fast). Simulations often provide realistic
inputs and/or require realistic responses from the student. Like games,
simulations can be scored qualitatively (successful or unsuccessful) or
quantitatively. Learning simulations can be used for initial skill acquisi-
tion or for practice.

Examples of this application are:
1. An abstract model of a real piece of equipment

is used to teach troubleshooting

2. A realistic model of the post is used to practice
security procedures

3. A war game simulation is used to teach the applica-
tion of a new weapon system

B-3
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4, A model of battalion maintenance is used to teach
maintenance management

5. Part-task training of psychomotor tracking skills.

8. Training Management

In this application, the HHC is used to generate, maintain and up-
date student data. This application would probably be used in conjunction
with other instructional uses. The HHC can provide students with tests (pre-
testing, criterion testing, and diagnostic self-testing) and records of their
achievement scores. Student data can also be periodically off-loaded to
centralized files. Finally, the HHC can provide assistance to students or
instructors by alerting them to student learning problems, diagnosing the
nature of the problem, and suggesting lessons or resources to be used. Thus,

the HHC can provide a variety of computer managed instruction (CMI) functions.
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LISTS OF REFERENCES

This appendix is organized into three types of resources:

® Magazine Articles
o Newsletters and Regular Columns

® Manufacturers
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MAGAZINE ARTICLES

T "Market for Pocket Computers Is Expected To Take Off Soon" by Richard A.
Shaffer, Wall Street Journal, November 6, 1981, p. 21.

"personal Scientific Calculators" by Jim McDermott, EDN, September 16, 1981,
p. 71ff.

"Programmable Calculator Features Accessory Parts", Popular Science, February,
1980, p. 125.

"Pocket-Size Computers", Popular Mechanics, October, 1980, p. 119.

. "Handheld Computers" by V. Elaine Smay, Popular Science, November, 1980, p. 102.
5 "A Revolution In Your Hand", The Futurist, December, 1980, p. 59ff.

- “Report From Chicago CES", Interface Aqe, September, 1921, p. 6ff.

"Requiem For The Programmable Calculator" by Paul Snigier, Digital
Design, September, 1981, p. 4.

"The HP-41C: A Literate Calculator?", Byte, January, 1981, p. 124ff.

NEWSLETTERS AND REGULAR COLUMNS

"Compunotes" from XCEL, 13763 Polk Street, Sylvia, California 91342,
(213) 367-4366.

"Micronotes”" file on PLATO computer assisted instruction systems.

Pocket Computer Newsletter, P. 0. Box 232, Seymour, Connecticut 06483,
(203) 888-1946.

“Power In Your Pocket" by Bob McElwain, Interface Age.

PPC Calculator Journal, 2545 Camden Place, Santa Ana, California 92704,
(714) 754-6226.

TRS-80 Microcomputer News.

"The Micro Mathematician", Dr. John C. Nash, Interface Age.

HP Key Notes.

TI PPC Notes, Box 710, Lanham, Maryland 20706, (301) 459-5458.
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MANUFACTURERS

Mr. Hal Ohashi, Chief Engineer of Systems, Sharp Electronics, 10 Sharp Place,
Paramus, New Jersey 07652, (201) 265-5600 ext. 4192.

Mr. Dick Brayden, General Manager, Systems Division
Mr. Dick Grogan, Manager for Planning

Mr. Dennis Reer, Panasonic Electronics, One Panasonic Way, Syracuse, New Jersey
07094, (201) 348-7792/7818.

Sinclair Research Limited, 6 Kings Parade, Cambridge CB2 15N, England.

Hewlett-Packard, 1000 N.E. Circle Boulevard, Corvallis, Oregon 93770
(503) 757-2000.

Ranell Durgan, Friends Amis, San Francisco, California, (415) 928-2800.

Mr. George Brandt, Quasar Electronics, 9401 Y. Grand Avenue, Franklin Park,
ITlinois 60131, (312) 451-1200.

Mr. Rufus Coomer, President, Pinetree Computer Systems, 734 Greenview Drive,
Grand Prairie, Texas 75051, (214) 641-7500.

Commodore International, Santa Clara, California, (408) 727-1130
Pennsylvania, (215) 666-7950.

Newbury Laboratories Ltd., 68 Regent Street, Cambridge CB21DP, England
44 (223) 64862.

Tandy Corporation (Radio Shack), 1300 One Tandy Center, Ft. torth, Texas
76102 (Local stores were more helpful).

Computerwise (Transterm1), 4006 E. 137th Terrace, Grandview, Missouri 64030,
(816) 765-3330.

Casio, Inc., 15 Gardner Road, Fairfield, New Jersey 07006, (201) 575-7400.
Mr. Sal Morabito, (914) 928-7267.

Andrew Surtees, Marketing Director, Grundy Business Systems, Ltd., (Newbury

New Brain), Cambridge Sciences Park, Milton Road, Cambridge DB4 4BH, England
44 (223) 350355.
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HHC Hand Held Computer

1. The business computer has become portable
The range of uses fOr the busINess COMPuter has been
greatly ncreased with the adoption of an AC/DC 2-power
soyrce system Full use of all functions is now possible
snytme. anypiace

2. Utilizing 8 modular system

By combining the vanous “'modules’’. & program which
meels the needs O particular business activites can be
selected remarkably ncreasing the range of application

3. Function and efficiency improved by capsu-
iated software

Software can be exchanged quickly and easily, resuiting in

more flexibie apphication of each program, and greater
eticiency n operanon

4, Operation Is simpliified by use of the “menu”
system

Because the soft 15 designed b " chalogue
form, operation 1s easy enough for virtually anybody 10
perform

§. Power-saving design

Numerous deveiopments. such as the CPU auto-power-
saving function, and the extensive use of CMOS con-
struction gesigned to make battery aperation possibie
have resulted in an extremely SuUCCessful power-saving
design

6. Compact and lghtweight
Its small size and hight wexght make ! possible 10 take
the unit where it s needed

i it Wode! No: RL-H1000 Built-in 2 K bytes RAM)
Pflmary un" RL-H1400 (I:IIHI‘\ 4 K bytes RAM)

Utilization of the ROM capsule system enables use in 8 wide variety of applications. ..

8 x 159-dot continuous dispiay capability

Orsplay Section: Continuous kauid-Crysial ckspiay
{LCO) with an B by 159 got matnx
excluang 8 “Bip  dots above
COtresponang Atlention Inccators
ApDIon 26 it columns Graphve
asplay Capabilty (HHC Capsule

prowges)
Ch Drsp yod. Apt A~NZ, ani
Numerous 0~9
Vanous Symools
Koydoerd 65 keys regefinable wih Overiays

nierrupt driven, with 2.key rokover
Capsuie Socket: 3
Microprocessor: 6502 runrng a1 1 MMz (8-Dn)
ROM Capability: internal ROM 16 K bytes

3 sockets for ROM capsule each

containng up 10 16 K bytes

RAM Capebility: Internal RAM 2 K bytes (RL-H1000) or
4 K Dytes (RL-H1400)
Periphers!
Connectors: *44-p e0Qge CONNBCIO! with

acoress and deta. busses. control
oS Dias mes. Dank Select wnes,
busprotect. snd power SUODly Ines,

*Only one penpheral umit ¢an be
connecled dwectry to the Pumary
Unit

®in orger 10 connect 2 or more
penpheral units 10 the Prmary Unit
they mus! be connecled via an 1O
Adaptor

Power Source. Buitt-in § mckel-caomaum “AA
rechargeadie batiery pack with
exiernal AC AcaptorRecharger

Charging Timae: Approx 12 hours.

Dimensions. 8,0 =1y, x 3y
WrH=xD) 227 = 30 5 x 95mm)

Weght: 1 58707 (620g)

HHC Capsule

~eag-only memory (ROM:
*3D5uleS CONAIN vENOUS 3P0k
zanon software They can be
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HHC) Peripherals

Acoustic Modem wose no: AL-P4001
Bilateral communicastion capability via public telephone line

Transmission Level:
Recewe Sensitivity:
Camer Detaction
Normai/Test Switch
Transmission System. Asynchronous senal ransmssion Control apphcation
Transmiasion Moge:  Fuli o1 hal! dupiex Capsuie Siot
Transmission Speed. 110 or 300 bos Power Source
Tansmission Code. 1 start bit
5.6 7 or 8 gata bt Power Consumption
1.0r 2 stop bt Dimensions
Parnity Check: Qao. even, or N perty check WxH=D)

TV Adaptor mode: no: aL-p2001
TV Adaptor with semigraphic function

Ongnale Mode —-1508m = 30Bm

Answe! Mooe — - 1908 = 308
(on ine seve's

~40aBM (Iower Wit} 101 DOIN 10w

#nc hgh Qroup (at B0 ot nose

level of environment ana Bas

Distorhion = 10%:

Carnet getection leve! 4008

(ower wmit)

NON-Car'! gelechion ieve: ess thar

~4608m™

On the ponom o the un

NOI™ME' DOSHION (@CeweTTaNS™:' MOOk

Tes! pOBNON SNt tes! (testabe O

O™ tun 8NA Nalt GuDies Maoe

1 siot

+5V SUPOREC 1O the HHC Primar,
Urwt

130mw

L TR A

(227 » 565 » P5mm;

116 340z 15509

R

Number of Charac-
ters Dispiay k] x 16 hnes (512

characters)
Charscter
Configuration; 5% 7dot STD. 8 = 12 got Man
Character Type: Upper case-letiers A~2
Lower case-letiers 8~z Video Signal Ouput.

Numerais 0~8
RF and Antenna
Cable:

TV-RE Signal Output:

Symbois

Totals of 116 characters
Semigraphic Mode:  The Capsule program provides ths

mode

(1) Sermwgraphic 4 Made. Cn, Dox (8 x 12 dot) dwvided Video Cabis
o our glements (4 = 6 9ot}

D-3

On 0= (8 = 12 goty
GVIIN0 NI S plements (4 « 4 dDL
NO Of lRments —64 Grapmc
olernents = 48 wnes
NC of colors—8 [green
YOUOW DRUE 10 hgh! yelow
®ut!) damk biue (Cyan) megena
oo orange)]
Progucion of o O ofe COIYS
8t the same vne & NOt DOSSIDIE
10f ONg Cha"acier DOs
Channei 3 or charne’ 4
Setction by Menus! switch resang
On DONOM of the urt
RE Outpy! Mas 3my (rms:
Frequency Statwty
Chennet 3 6125 M-z 2 500kH7
32°F ~ 104°F / 0°C~40°C)
Channex 4 67 25MHz 2500xmz
(32°F ~104°F. 0*C~40°C,
Tetrvng  F-type connecior
Output Y VoD max
Terung! RCA pon type connecior

3C-2v cong! Cadie

Connecior ane touch F-type connector
Cadle ongth 4 9211 (Y 5m)

1 5C coasw! Catie

connecior ACA pr ype CONnecio

Cable length 4 8211 (1 5m)

1 5W (AC Adeptor 8 necesaary!

A2°F A 104°F O°C~40°C)
[ LA R AT LA

@27 305 = 95mm)

1D 16402 (5009
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RS-232C Serial Interface wmoce no: AL-p3001

Used 10 interface HHC 10 an external device

Tranamission Speed:

How 10 set Trans-
mission Speed:

Output Leve: of
Line Driver:

input Level of

Line Receiver:
Line Driver:

Micro Printer wode: no: AL-P1003

50, 75. 110. 150, 200. 300 600
1200. 2400 480C. 9600 bos
seiectable accuracy 0 5% or less

Set manually by dio swiiches in the
botiom of the unit

2(103v205V)

Rated nput ievel within =20V
Output tefrmnation current within
£12mA

Output rmpedance 300R of more
{measured by applymg =12V at
output terminal when power off)

25-pn (CCITT-v24)

1 slot (in the bottom of the unit)

+5V (Suppred trom the HHC Primary
Unity

650mw

32°F~104°F (0°C~40°C)
LUAR ¥ U U

(1135 x 61 x 95mm)
123502 (3509)

15 charactersfline thermat printer with aiphanumeric and symbol printing capability

Printing system: Thermal. got matrnx prnting
Character
Configuration: 5 x 7 dots
Maximum No. ot
it Cob 15 ct
Printing Speed: 15 knesisec
Cheracter Type: Alphabe!. upper case-letiers A~Z
fower case-letiers a~z

Numerals 0~.9
Vanous

Character Specing: 13 charactersinch

Ling Feed Spacing: 7 Imesfinch

Paper Feed System:  Frichon-type (no reverse leecing)

Printer Paper: Rol! type
Wadth. 38mm. Length. 8m (No of
lines printed. approx 2.200 knesiroli)

Lite Time of

Therma! 500,000 knes (prnting capatwity of
220 rolls)

Printer Power Source: 4.8V supphed from tusit-in batiery
“AA” size Ni-Ca battery x 4 which
are charged through the HHC Primary
Unit

Printer Controller

Power Source: Supphed from the HHC Primary Unit

Ovperating

Tempenature: 32°F A 104°F (10°C~40°C)
; &% w20, = 3y
(1135 x 61 x g5mm)

D-4

1 b (450kg)
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HHC ) Peripherals and Accessories

Programmable Memory (RAM)
Mode! No: RL-PS001 (4 K bytes)
RLPS002 (8 K bytes)
Memory protected by beck-up bettery
Memory Capacity: 4 K pytes (two 2 K bytes CMOS
RAM—RL-P001
8 K bytes (four 2 K bytes CMOS
RAM)—RL-P9002
Memory Protection
Back-up Battery: 3 "AAA" manganese batieres as
beck-up
Life Time: About 1 year
Power Source: +5V suppked from the HNC Pumary Ui

Power Consumption:  10mw
Operating Temperature: 32¢F ~104°F (0°C~40°C)

: TUAS RENE R TX
(W xH xD) (1135 = 305 = 95mm
Weight: 920z (2609) win pattery

/O Adaptor mose: no: AL-psoot

Maximum connection capability of six

peripheral units (One via /O cable)

Peripheral: 5+ 1 siot (total 6 sots)

Connection Siots: (When the siof on the 10p of the 10
A0 15 USBC. the 11O Cable must
be used)
penpherals can be attached 10 any siot

HMHC Primary Unit
Connection Siot: 44-termnal edge connector
Power Source Supoiied from the HHC primary Unit

Power Consumption.  75mw

Operating Temperature: 32°F ~. 104°*F (0°C~40°C)

Dimensions: 167, % 2" x 12%,
WxHxD) 4255 = 51 » 318mm)

Weight: 21 680z (1 1kQl

Attache Case wodel no: RL-9808

Primery Side: AC 120V 210%/AC 220V £10% This fine viny! aftache Case with its Qtincive dimensions can
Mput Voltage: Swichable hoid all of the folowing Pnmary Unit, 1O Auaptor, 2 large size
Secondary Side: Al no load OC 9 22 5% perpherals (ke T Adeptor and Acousic Madem), 3 smal sze
Tempemntun Awe. Max +55°C over e temperature 8t penpherals (RS-232C Sera! imertace. Programmable Memory
1 1A oad apphed RAM), Mhicro Printer_eic ). AC Adeptor, Amenna Selecior Box.
”‘ hing . T8 A AOIF 0OCA40°C) TV Cabies. owners menual, sng others
. Vi’ # 2% w5,
WexHxD) (77 = 84.5 = 148mm)
: 20 600z (11%g)

L
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HHC Examples of main use

1. A “business tool” to be used for data entry

Applicable businesses
Gas. Electric compames, Stock-

0es. Banks. Beverage siores,
Bakeries, etc

2. A valuable aid for sales representatives in the field

Applicsble businesses 1 L e e -
Life insurance. Casualty insurance, B ! ! i
Pharmaceutical companies, i
Stockbrokerages. etc

3. A data input/output terminal for use with the telephone, or with
an exclusive communication line

Applicable )
Real estate agencies, Automabile
sales agencies, Creckt comparies,
Construchon companies, eic

4. Scientific, financial or other
special calculation
Construction companies. Real estate § 7. — e
agences. Banks, Scientific P 4 \

researchers, Technicians, etc.

- Division of Metoushitg Binswie
Panasonic. S
just siightly ahead of our time @01 07000 )

BPociHications SUBIECt 10 SReNge WOVt AOtice Printed In Japan

D-6




Panasonic

» ong WAY « S, NEW JERSEY 87094
{ EWS FOR IMMEDIATE RELEASE

PANASQONIC HHC SUGGESTED RETAIL PRICES

g cry

g RL-H1000 2K Main Unit $500. 00
h RL-H1400 4K Main Unit $600.00
RD-9498 AC Adaptor/Recharger $ 58.00
Y
: PERIPHERALS
’ {
4 RL-P2001 Video/RF Adaptor $349.00
L RL-P3001 RS-232c Serial Interface $254.00
RL-P4001 Programmable Accoustic Modem $286.00
g RL-P6001 170 Adaptor for Multi-Peripherals $158.00
g RL-P9001 4K RAM Block $221.00
- RL-P9002 8K RAM Block $330.00
-
F-_ ACCESSORIES
g ———=2
|.~<, RL~-P6006 1/0 Cable for 6th Peripheral $ 86.00
' RD-9808 Attache Case $163.00
' RD-9145 RS 232c Cable $ 35.00
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The compact “Giant”

that handles awide
range of applications

Handy pocket computer employing
BASIC language

Computers are no longer for professional use only
Sharp’s advanced electronics technology presents
the new pocket computer PC-1211.
High-performance functions are packed into a slim,
compact body. The PC-1211 is designed as an “interactive type”
computer to meet your personal needs by employing the
easy-to-understand BASIC language.
Make full use of it with your originality.

4 g P

002 C=1 (A*A+E+EY TFRINT € ﬁ'ﬂ ~FE

rea Jura s Jua
(w Jucm Ruen J o Jwen JICH )
= =)
E E m E E - RESEAVABLE XEYS n - n
(The PCA21 -u;n template sttached) Pocket Computer

PC-1211

E-2
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Fr comvenience of BASIC language

Programming can be perrormed easily by following the tiow chan furthermore formuias can be put m as they are written

For program calculatior wust put inthe \arabies 11s so easy !

The Pythagorean theorem C =VA?+ B?

Flow chan Key operation (PRO mode)

Display

TOTNPUTA v B &er

1OSIHF- T weF

= ZO0C=VITAXA+BX BT e

Z03C=] Krm=E+l

JOPRTNTT orer

IMFRPINT O

@OEND R

I

GOTENT

Key operation (NUN mode) Display

BEUNsm | -

3 [ENTER' -

4 [ENTER S.

e

panel —the windiow o,
“1ocracton” Even complicated

ot ey can B dooe eocilvg

A quadsatc equaron  AX2 + BX + C = 0O

PC-12111
high 1
calculs
wit

simple or

Programming (PRO mode) Key operstion
Ouplay (RUN mode}

e 1 - RUNWe

-1 896

E-3




S edy operation with unique kev sve e

Reservable key system gg@@@@@@@
s Jwa Jan Jun Jica ) o i)

MESERVARLE wE S

\ plate) Alonvemence n increased if you reverie ke
Koy operation (RUN mods) Drspls for certan tunchons or commands which are
nid - 14 used treq Iy and write them on the
[ A template for reterence

0 !

— ACaicutations such as SIN )00+ COS X0 can

- e s I be quichly done by incorporanng the Reser.a-

’ ble ke svstem

% ;
T

s | R

Definable key system MDD EOOC
a fuca J xa)

vandles e O @@ E CE

A Detine frequentiy used program. with the
(‘ve Key operation (OEF mode) | Display
- +

definable mode For example vou Can define
& program tor compound infeeest calcylation

11 A ‘ + inteest rate n penod Fv tuture vatue
t. g s s P\ present value
l lon = ASimply 1npul the varables 1o sohe What n
the amount with nterest added after 5 vears

1000 s« D

at 11% of interest rate on a princpd’ of

l ot $10007
The P 1211 handies the Caiculgtion Quickiy

[ ] and smph
-3
y2ration. Let’s calculate a statistical values.

1Using the Detinable key svsten program caiculation of iinear regresyion can be done :

[Calculstion] B ar0 mote) Ry T
Get the costficent a. b and (DEF mooe! Drapiay
comelation funchion ¢ By #0plying ver A

two Couples of datax, andy. to

the index curve y ~ ab* S e
o 70 twtes
Y/ ¥ T p—
S = Eat-n¥ i TN
Sy =X 1,Iny —-nF¥ - RN
ase e
s E!Iny' \;-"v’ T4 (I‘ll1
Sy Say .
1 - T me— e — . B 97 e
V' Ses Sy Sss - en ? —+ =
v. . - _—
2 €Y7 b e b "'“l ——
N . = mni -
i R s e |
(Exampie) M i : i}
rfos J12 {31 14] - - o
y] 101 [1172 | a454 {0871} ° (2] ""f%
S mew
Apply the dets 10 y= ad’ sng ——s 4
presume thecase of »= 83 -12 - 12 e |
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Adoption of BASIC language

For programmung the PC-1211 emplova the
BASK language used widely trom begin
ners 1o proteswonals Thes simple program
mung method can eavih be carmed out by
teferning to the flow chart Moreover
formulac can be entered a3 they are
normally wntten These wnovative tync
1ons are designed with easve of operaton in
mind

The PC 1N also serves as an ides! step
ping stone 10 professuional computers

Dot matrix display — up to
24 digits with rolling writer

Characters as well 3« numerals are
dnplaved with the dot maten dispiay enahl
ing the OPPator i 3 senve tO (DM

munk ate ath ihe unit The BASIC

= 3. b= 4,

-

tanguage can be used to s 1Ll potential
The dipley pane! makes it posubie 1

mMH 'E.HEF' |::= 5. j duplay portons of the program line b

e visual instructions ashing 100 Cata anet

Output diapley] Show ing € dic ulation resuits

Program capacity 1424 s;eps .

The PC 1211 ha« 2 la'ge memnan ¢ apacit,
W spie of it shim compact boch Due

26 mb with memory a‘e .“"d 10 the memon, sate guatd Crcu forma

Reservable kev and definable

key systems

100 16 Mmemon, » Maintaned even atter
the power n turned ort

Programming « by an et ent One
(ommand one steg:  swatem A confing ¢
vout ameds stens can aho be used a4 8
memon

i stepr « equinaient ta | memon i

¢ The teven ahle hey svstem makes ot posa
bie 1o rewenve 4 hes 1Or 2 tuncbion o
command whech 4 used trequentiy I* can
easdy De recahed by the 1ouch of 2 hes
when putting 0 a tormula either durmg,
Manudl (ah ulaton of programming

® The detinabie ae system detines 18
program tow each hey W henever vou
Aped 2 (ertan pragram vou Can recall
and eun # wih the touch of the proper
[T

sm'h hy &'am mj'.' wm The PC 1211 empiove 8 hey artangement

key arrangement

st 10 that ot & tvpewrder Thus the
aeat clean appearng kevboard can be
operated eavhy and Quichhy

"o”‘n‘“ ‘l‘ “" can h “Nd “‘ .M The cassetie 1ape recordes can be used as

loaded from a iape
recorder

an erternal memon devue

Cavsette wvertace (£ 121 n optional’

By saving programs or data On a caswette
tape the miormation can be loaded
whenever apceviary It & also porsible to
wearch the ssved program dats duto-
matcally by hile name or load it tor use
dunng the program < alculation

Other features

® Long-ide operation Auto power.oft
function

o Plavback tunction enables correction
by duplaving the tormuls with & single
touchof s hen

¢ [fiectrve tone function n desgned to
wdentdy the program (A beep sound
can be mput duting programming |

E-5
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Applications

.
* S:mulianeous squatons
o mate
» Deermnger
* Product of ma
o Mytudl CONves

o3 000HION BT SUDILECION

« POAION GIBINDUNON BAG DINOMLE) Ha1HDULON

© NOMa: draiibutian o entue

o E31manon O .Alervat Of DOPUIBIOS MEsn 8nd
PulBliON vasance

* Yost o mean ang verance

o Tew of O IR MABNS PBINC O YHBNCES
« Agpcron -nl Of coneation costhc @nl 198t of
000ness of *

-7 com-nmn:. 14t 7+ n contingency tavie
* m o contingency 1a
* Corectior maning ""00'
umbe

Sngw
. c'omu cuvw
« Coornates

. Cmm uxunl-o'-

9 pon!
- l Qa1 41 § SN GRIBACE HOM 1wo DO
niersecting pownis 0! two cucws
* Cry Bioce viries ukum
« Drigso~ 10 400c/90 S8 lv apecityng & pomi i

8 poygon
= Pergie! youciind 9198 dwigi0n
* Verice: 300cihied 308 Grvibion
© LONGIHUGAS Curvd HOUBONBHC DIODOW! S

Gno« M VIBION
* Dwien o Betwonn 1o OIS 800 Sng

Wﬂl
. v-. .o-m T NTSACIOn Of (w0 SHrBgh hnes

lml g 11OM ONg DO B & PC
. Mn Of IEIISECTON Of lwrd e-ﬂu': = CC

* Calculalior of pasl 8nd tuture ames
. m“.hon of inlgren’ tate 0N
of wi1erest on ml‘l'l

(Construction)

* Groe i08g terms. progrem lo
concrete CMM!MIIO"

0! $4MDIS DO (uIOMIy rirying

* Forcu of nec
1000 11800204

. W«-o- eotmcm" Of G1DUHON SNEENng 1Orce
due 1

= Siress Clicullllo« o1 (hrae Aengac pom( gabied (oot
trame eic

- c.l:uhhoa 0f presant vaiue 0! COMPOUNG (nigras'
ann
. ca-cu-non of future & Dresent value (Dy compound
e
- M'lllmﬂl caKcuBIOn
* CalcuBtion of 08preciaton e1c .

Apphcaions manua’

te : ;::?:rmwucu co«:m! On Copiticgnt hingar ;‘:‘m"““'. " & sers Crcur + Supphed
* WPDRGEnCE 1 § DArBHE: CiCy !
* $ait (nguctance on B BTN king
y ks . aton
PR el * CODSC 187Ce 8CPO88 WO DOSNE! BICIO0RS
« 7 Way 1avOut Lwith teDETONY) RIC OC‘I:: ongineenng) e contrond o7 .
9 Messurement) e e g o1 ear i prasece’ T
] * Angw I8k uidlONs * Stabiity 0f & $i0pe IMEIROS 0° Snces
. * Open and raduie tra u « Bendmg sress of .-mm Qroe
400 B1C 50 traverse (Com, » nlemai l0ice Of & SMMpW I""‘ tuntorm ioad)
I ula1hons o oo» lﬂd llﬂll!l 11averse * ntema 1orce 0f § SFNPIE QOB (UAYOMMIY SNy NG
aces caicuaton oso: eic
p
[ Specifications
] Moce! | PCa211 and logical calculations
s Number of caiculation Eaing tunction Cursor smitung (> o
4 agits ' 10 digits IMantissa) ~ 2 Cigis [exponent) Ingertion (INS
‘ Calcutation system { Accorang to mathematical formuta with Deletion (DEL) .
) - | pnonty juaging functon) Externar b Lne up::d com(l K
Program system Stored system ' ul n::':ﬂ memory m{ .s:'lm ('CE t‘agl‘ilofw ly :'vnwlabb cuuue'm
4 OGra™ language j Basic and data memory can umumlom
Y Capacity ¢ Program memory. Max 1424 steps from cassetie tape ;
; | Data memory ::::7 mi‘g Tomon  Memory protection [ CMOS battery back up
- : wn  orogram memory) wax Doy ::ge;ﬂ Sphenumenc 6ot matnx bawd crystal
<
p - Reserve memon reserve Component CMOS LS. etc
L - ' m,:;.'m ',. ko) Power supply Mercury Dettery (MR4d) = 4
- . Input butter. 80 Characters Avorox. Y00 hours
[2 8 stacks Power consumption. | S4V—(OC) 0011W
Stack o cate Se¢=0) ODIIN twan CE2Y)
For tuncton, \su-f.u N parentheses. 15 Operating temperature 0°C ~ 40°C B2°F ~ 104°F)
Cadie o Dimensions ITHW) = TOD) = 1S(H)ymm
= For FoRNEXT 4V STBIW) » 23401 * WITH)
= statement 4 stacks i Haro eu?mo:: ?::bum-m spphcatons
t~ ) Caiculatons Fo:r < calc 'pmv oo Cane. 4 o) Appucat
. 1 o ang
p - f . anguiar n o
. square rO0t. SIgN FURCHION. EDSOWITES. Miegers.
BASIC language specifications
Commandg WN NEW MEM DEBUG LIST CONT CLEAR ABS " DEG OMS SGN DEGREE RADIAN
Statement INPUT PRINT PAUSE USING LET STOP REM GRAD « A
BEEPFOQTOSTEPNEXTGOTO Gosus Vanable A~ZA( LAS~ZBASL )
3 RETURN IF THEN END AREAD Cassette control CSAVE CLOAD CLOAD? PRINT# INPUT#
. Operaton .-kl L2 > . <2. <> =& CHAIN
. Function SIN COS TAN ASN ACS ATN EXP LN LOG INT  Other ca
P * Commang Sutement Fynclion IM Cassene conrpl con D USEO with an * DEBYN SN SPOCTLINONE SUDICT 10 CAOAGE withoul RBHCe

aboreviated form (ar ) PRINT =~

P.
SHARP ===
b .

( SHARP ELECTRONICS CORPORATION

* 10 Keystone Place Paramus. New Jersey 07652

¢ € SMARP CORP (81 JAN PROD! HSOE Prvvind n Jepen

. E-6
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COMPUTERS, PERIPHERALS & CALCULATORS

Personal Computation
Models HP-41C, HP-41CY, Memory Modules

HP-41C or HP-41CV Alphanumeric Full
Performance Programmable with Continuous

The HP-41 is the most powerful handheld ble calcul
tor ever made by HP. You now have two eaiculators 10 choose from:
the HP-41C with 441 bytes of program memory built in (expandable
to 2,233 bytes) or the HP-‘lCV with 2,233 bytes built in.

The HP-41 communicates with words as well as numbers. You can
key in any combination of letters and bers up to 24 ch

list, 6 levels of subrouti lled looping. 30 user flags. 26 sys-
tem flags, 4 Nag test functions in addition Lo set fag and clear Nag. 10
conditional iests, 2 of which may be used with alpha strings (x=y,
xey).

Editing: singiestep execution, single- and backsiep inspection of a
program. delete program memory lines. position the calculator at any
line in program memory. pause to review intermediate results, correc-
tion key 1o delete keystroke while enmmg data or nlpln character,
change size of data

wide and display |2 characters st & time. A complete system of status
annunciators also heips to keep you firmly in control. Error messages
are displayed in plain, undersiandable English. For sural feedback,
you can use the HP-41 “beeper.” Ten different tones will let you sig-
nal the end of a program or data entry point. Continuous Memory
saves your programs and data even when the calculator is turned ofl.
Over |30 separate operations comprise the total HP-41 function cata-

log. You can assign a function or program to almost any key. The-

HP-41 comes with teybmrd overlays and a set of user lsbels to help
(acrinate cuwlmu\m of your HP 6\ With a f" keynroka. you
can actuslly create a | for special
applications.

You can store more and longer programs in the HP-41 than you
ever thought possible. Each program is autonomous. Call it up by
name, edit it, even clear it without sffecting other programs. And
uch mmn can have wp 0 99 local plus 15 local alphs labels for
. these independent programs can
also be mlcrulm Using |lohl labeh YOU CAf SUMMON One Program
of branch to s subroutine {up 10 6 levels) from another program.

Both the HP-4iC and HP-41CV come complete with Owner's
Handbook and Prog ing Guide, quick referesice puide. applica-
tion book, 4 N-cell betieries, 2 keyboard overlays, | modvie or over-
lay holder, | set of function labels. snd & soft carrying case.

HP-41C and HP-41CV Specifications

Mathematical Functions: SIN, COS, TAN. and inverses. DEG,
RAD. GRAD. R=P. DEGZRAD, H=H.MS, o:ul/deciml con-
versions, sign, lo. INT, FRAC, ABS, round, log. 10", " .In (I +
a).e' = Ly Ve, /5,0 4 = X ¢ LN . HMS2 CHS.
Statistical Funelbm %, A%, X. 5. summations (n, Ix, Zx?, Ty, 2y2,
Zay). summation corrections, select summation registers, factorials.
Stack Funcions: ENTERY, Ry, R}, xSy, XSREGISTER,
LAST-X.

Alphs Symbole: nmv-cue alphs A lhm'h Z. lower-case sipha &
throughe, 2., ., <, > 4. €. 5. 4.~ /,% 5 .7 = space.
User-Definition: a lph mode on and off, alphe store and recall, sipha
shife lefi, nlph view, append alpha.

mm m Iwnumlahh.ulumnd .lohlalm
labels, user keys, i g of labeks, data storage
and recall, storage nllmv mlhnmc. alpha storage and recall, view-
ing looping. sudible 1one mch
dafinition of accumulation npmn fNag setting and clearing.

G ¥: label program, alpha prompt, aural prompt, pa:k wo;um
memory, stop, end, programmable OFF, go to end of program mem-
ory and prepare calculator for new program, advance paper. prompt,
catajog hst, copy program from ROM 10 user memory

Cloaring Options: DISPLAY, X REGISTER DATA, REGIS-
TERS. ALPHA, PROGRAM. FLAG. STACK, STATISTICS
REGISTERS

Display: fixed decimal, scientific, and engineering notation.
Memory: lasi-x register, 4-register stack, alphs register, daia storage
registers.

HP-41C: 63 registers and O program bytes or O regisiers and 44!

bytes (expandable 10 2,233 bytes).
;-ucv:m gisters and O program bytes, or O registers and 2,233
es.

Power Requirements: 4 size N betieries, not rechargeable. Option-
sl nickel cadmium bettery pack.
Size: I3 X 79 X i44 mm (1.3 % 3.1 X 8.7 in).

Alone, the HP-41 is a powerful, programmable, problem-solving
calculator. But, by adding optional plug-in peripherals and modules,
you can expsnd the capabilities of the HP-41 to keep pace with your
growing compulational needs. Four mpul/oulpul 1/0) ports at the
lopofme HP-41 acoept per ,‘ Is, plug-in app or

y Modules. Each q periphers! and module is sell-
contained. with its own set of functions that is added to the calculs-
tor's enisting function catalog. And each peripheral and module is
fully portable.

HP 82106A Memory Module

These Memory Modules can qunmuple the HP-4IC's memory.
Each modul 1 64 regi that can be alk
a3 program memory or i or any b
can add four Memory Modules 10 your HP-‘IC for a 1012l of J|9
storage regisiers or 2,23) bytes. The Memory Modules, like the HP-
41C have Continuous Memory. However, memory loss will occut
when the module is d from the cs} . (Use only with the
HP.41C))

HP 82170A Quad Memory Moduls

The oquivalent of four Memory Modules. the Quad Memory Mod-
wie contains 256 dats i or 1,792 program bytes and
expands the HP-41Cs mtmory 1o full HP-41CV e-ueny using only
one port. The Quad Memory Module. like the HP-41C, has Continu-
ous Memory However, memory loss will occur when the module ia

F-1

d from the calculator. (Use only with the HP-4I1C))
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HP-4 1 Peripherals, Software, Accessories

HP 82104A Card Reader
Reads and writes programs and data onto magnetic cards with 32
registers per u'rd‘ Adds over 30 card reader control functions 10 your

. g prompts and program sccurity. Also reads HP-
67/97 program cards.
HP 82 143A Thermal Printer /Plotter

Portable, quier, thermal operation, snd bettery operable, the HP
8214)A prints upper- and lower-case slphs characters, including spe-
cial characters you can create. The Printer/Plotter siso does high-
resolution plotting routines.
HP 821534 Opticel Wand

Inputs data by reading programs in the form of bar code. Most HP-
4] software is svailable in bar code. including Users’ Library pro-
grams and solutions books.

MP-41 Application Pacs

Whether you're an engineer or technician, student or scientist, busi-
ness person or other profassionsl, you'll find an spplicstion psc or
salutions book to solve many of the most common and difficult prob-
loms in your area.

Every applicstion pac comes with a comprehensive manual, and,
whea applicabie, 8 keybosrd overlay. Choose from:

® Aviation ® Petroleum Fluids
® Clinics! Lab & Nuclear ® Securities
Medicine ® Statistics
o Circuit Analysis © Stress Ansiysis—Meochanical
o Financial Decisions Engineers
* Mathemsiics o Structural Analysis—Civil
* Games Enginoers
¢ Home Management * Surveying
¢ Resl Estate ® Machine Dasign

© Thermal & Transport Science ® Navigation
HP41 Solutions Books

Susiness:

© Dusiness Statistics/ o Londing. Savings, & Lessing
Marketing/Sales © Resl Enate

® Heme Construction © Small Dusiness
Estimating

F-2

Engineering:

® Antennas

® Chemical Engineering
o Civil Engineering

o Control Systems

o Electrical Engineering

¢ Fluid Dynamics & Hydraulics

® Heating. Ventilating. & Air
Conditioning

® Mechanical Engineering

® Solar Engineering

Computation:

o Geometry ® Test Statistics

¢ High-Level Math

Other:

o Calendars ® Optometry 11 (Contact Lenses)
o Cardisc/Pulmonary © Physics

. Cheminry ® Surveying

® Games ® Taxes

® Oplometry | (General)

Ordering Intormation Price
HP-41C $250 00
HP-4ICV $32500
HP 82106A Memory Module $30 00
HP 82170A Quad Memory Module $94 00
HP 82104A Card Reader $215 00
HP 82143A Thermal Printer/Plotter $38% 00
HP 821534 Opticsl Wand $12500

HP-41 Application Pacs
HP-41 Solutions Books

Calculator Accessories

$30 00 to $75 0
$1250

A Hewlett-Packard calculator purchase is & sman decision Power,
convenience, and quality from & company you can depend on Buy HP
calculators also have o versatility unequaled in the industry There'ss
complete accesory line enginesred 10 provide the support you

No maetter what type of Hewlett-Packard calculator you chosst.
you'll find it supported by a full line of replacement acosssories snd

supplies 10 kesp it operstionsl.
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Users’ Library, Custom Services Program

-]

L. R Personal Computation
:! (O]

HP Users' Library

The Users’ Library is dedicated 1o making programs contributed by
HP-67, HP-97 and HP-4) users available to others. You'll discover a
wide variety of programs written for specific applications areas. The
solutions you need may already exist! As » subscriber to the Library,
you will receive the Caralog of Contributed Programs and the Con-
tributor’s Guide, periodic supplements. and coupons for four pro-
grams of your choice complete with pre-recorded magnetic cards.
You will aiso receive the HP Kcy Notes newsletter, which keeps you

of prog hniques, Library acti snd notes of
interest.
Ordering Information Price
First Year Subscription $20 00
Annual Renewsl $1000
HP-67, HP-97 Pr {Includ gram descrip-
tions/listings. and muneuc cards. ) $6.00
HP-41C, HP-4ICV Programs (Includes program de-
scriptions/listings, mag| cards, and ber code.) $6 00

Custom Services

HP Custom Services satisfies the growing need for specialization in
portable computing products. Through customization, the powerful
HP-41C and HP-41CV cakulators can be wilored o do your dedi-
cated complex or repelitious calculations when and where you need
them.

Using customer or third party written programs, the HP-41 or sn
HP-41 with blank keys (Option 001), can be customized using one of
three opti tom ROM's, cards or bar

WP 825004 or B Custom Modules (ROM's)

4K or 8K bytes of memory with each module. Nearly 21,000 pro-
gram lines with up to four 8K modules.
HP $2502A Cusiom Magnetic Carde

Used with the HP-41C, HP-4ICV, HP-67 and HP-97. Each card
can be customized 10 load 175 to 200 instructions.

c«nlom Bat Code
ive way to load prog or dats. Available from
an mdcpendenl vendor.
The HP-4| saves time, lo\ven cost, and ensures accuracy for both
the technical and hnical user. The standard HP-41 allows you

1o retain access 1o the full programmable capabilities and scientific
funcrions of the calculator even afier it has been customized.

A customs HP-41C or HP-41CV Option 001 with a blank keyboard,
is made as friendly as pasuble Thu specia! alculnov limits use to
those keys you have desi ial user error. Cus-
tom overlays, (HP $2501A), label keys for either caiculstor snd pro-
vide the final, professional touch.

Already many panies have improved their productivity with
customized HP-41's. Proven applications, from banking 1o fuel sav-
ings. from media buying 10 heavy equipment sales and service, from
circuit design to dismond sales. give the same result, increased perfor-
mance and improved productivity.

Ordering Information

code. Each option is designed to suit pmculu information and prob-
lem-solving requirements. When selecting one of these llumum
consideration is given to: freq of code

gram capacity, updating of variables in your dats, required level of
privacy and initial investment. For assistance, consult your lecal HP
Field Engineer.

i
Quantty | Custom Moswios | Custom Mag Cord |  Custom Bor Cote !
[ « & (10carda/ent) | 4K (6 corta/prog) |
Boreg
100 NA NA $99/set $351. ser
% | s02 363 $46 /st 8302130
00 | $52 8» $20, set $286 30
1000 $ & 3 $19. set $278/set
5000 $2% s $12 s $272 et
F-3
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THE LDS LEA NUFACTURER OF QUALITY CALCULATORS

TheTalk of the Business Community

a8 FOR E=1 TO 1868

Casio's new hand-held programmabile
calculator solves problems with
alpha-numeric darity.uses BASIC language.

-“o.

FROGRAMMARLE CALCU, AYOR

£ nYe RAun

Fu-THZF  1.23456

(@Yo [ " lowmr [ZYrwact om (T voact u .  Jreer on F o o FXx-702FP

wlalojolojsjell-f § § Jc ]k
olofelola]al -1 L L L
Ofo]ololslofol T T-L-T-1
Glefololofajall T- 1.1 T I
Inlofslalalal=- 1L L]

Actual sue

* Display capacity for 20 alpha-numeric characters.
* High utility variation of program steps and data memories (with power backup).

1680 steps 880 steps 80 steps
26 memories - 126 memories - 226 memories

* §5 widely applicable functions — incorporating programming.

* In-depth statistical management information, including standard deviation, regression analysis and correlation
coefficient, which can be dealt with by a single command.

* Rapid computation speed by high grade C-MOS-LS).

* Straightforward program debugging by an easy-use tracing system. Also, extremely smooth program editing.

Optional equipment (on sale in the neor future):
FA-2 - adaptor for programs and data storoge in cassette tape.
FP-10 — mini-printer for print-out of programs and data.

CASIOFX-702P

QUALITY- DEPENDABILITY. DURABILITY

CASIO:.

G-1
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TAKE ADVANTAGE OF CASIOS EXTENSIVE CAPABILITIES AND UNIQUE TECHNOLOGY

CASIOFX-702P

| Speed Completion of Programming! | [Enter a Trial Program, It’s Easy] ji

Eg.) FOR -NEXT looping
{counting from 1 to 1000)

10 WAIT O
300 PRT “START"
400 FOR K=1 TO 1000
500 NEXT K
700 PRT “END"’
800 END

OOFOOULREEHEOME 6
10 WAIT 0 &

300 PRT (D START O @

400 FORK B8 1 TO 1000 &@

500 NEXT K &1

700 PRT O END O &

800 END &1

E@O@ | START |
> (Approx. 20
- seconds)

ET a

Eg.) Remainder calculation

Formula

Integer part of quotient = INT (A B)
Remainder = A - INT (A B) x B

10 INPA="" A,"B="",8B

20 C=INT(A B)

30 D=A-B*C

40 PRTA:;“/';B:"=";C:;" .. .";D
50 GOTO 10

Program write-in

= DREgCLEBEDECEM@E

1IINPCOABIDZAZEBBEIT B &

20CBINTDADB

30DBABBXECI

40 PRTAGBOROE® BIEATS
OCOEBEEOBEDL®

50 GOTO 10 &

Eg) 100 = 7. 1234 = 99
=EE8®E [A=?

100@ 8=?
7@ 100 7=14,, .2
A=?

1234@® 8=?
99@ 1234 99=12. ..

SPECIFICATIONS

Type: F X 702P

Basic Caiculation Functions:
Four fundamental arithmetic operations inciuding negative numbers
exponent numbers and parenthesis calculations (with automatic recogni
tion of calculation priority — true algebraic logic}

Buitt-in Functions:
Trigonometric and inverse trigonametric functions (with angle in degrees
radians or gradents) hyperbolic and inverse hyperbolic functions
loganthmic and exponential tunctions squate roots powers factorals
conversions into integer removal of integer part decimal places specifica
to significart (1-g 's spec-firatinn Sex3QESiMg < JeCima CONversiuns
rectangular = polar co ordinates conversions absolute values. rounding
random numbers and P:

Suwtistics! Functions:
Standerd deviations Number of data items sum sQuare sufm. mean and
standard deviations (twa kinds}
Linear regression Number of data 1tems sum of X sum of ¥ sguare
sum of X square sum of } data product sum mean of X mean ot ¥
standard deviations of X standard deviations of ¥ constant term re
gression coetficient correlation coefficent ang estimate values (¥ $)

Character Functions: LEN MIC

Calculsting Rangs: From 21 x 10** 10 £3999999999 x 10" and O

Caiculations are performed nternally with 12 cslcuia
11on digits (Mantissal in the calculator

Program System: Stored system

Program Lenguage' BASIC

Programming Capacity: 1680 sieps'26 memcr s tre La» Bl quope 20F
memaries (variabiel with power La v st

Subroutine: Nested up 10 10 levels

FOR - NEXT Looping Nested ur 10 8 eve ¢

Number of Programs storable: Up 1o 10 (PO 1 P9)

Checking Function: Debug by trac nq

Editing Functions: Cofrection deienon and add:on (by movng ¢ rser!

Display: Liquid crystal display [20 characters {1 charactee § & 7 g ¢

matox i}

Main Component: C MOS LS

Power Consumption. 00V

Power Source: Tw~ Nthum Datteres {type CR2032 o v arpr s gne

200 houts CONTRUGLS OpeTat T

Ambient Tempersture rengs 0 C - 40°C .30°F - 104%+

Dimensions 17+ x 165% 2 B2mm BB Mt T G 0 o0

Weight. 180G (6 3 07) inciuding tiatter e

* Dosign and specif1cations 88 1uDECT t0 Changs without notice

FXx.702P. 05 1981

CASIO
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NewBrain is a professional
machine

The keyboard has been carefully
designed for use by all categories of
typists. ltis laid out as a

electric typewriter and the keys
used have optimal profile and feel.
Clear lettering aids easy location
while the colouring is neutral to
avoid eyestrain or distraction. The
keyboard software includes a
special rollover algorithm which
accepts the high burst rate of keying
of the professional touch typist and
at the same time allows for the
inexperienced beginner, avoiding

— Tl

N B

dual casestte interface conmectors
for program and data storage

owolfownch

such problems as double keying editing The cursor control keys
mmw&nmwmm.m enable any part of a line to be
256 different characters. brought into view on the built-in
include the 96 upper and lower display and for characters to be
case ASCIVISO printing characters  inserted or deleted. On the TV or
and the 32 control codes. video monitor screen the cursor can
graphics key can be used to be moved to any position for fult
produce the 64 viewdata graphics  editing and more sophisticated
symbois for TV or video monitor word-processing applications.
display Suitable software enables
the keys to be user-defined. NewBrain's built-in vacuum
fluorescent display has large and
As well as providing all the standard  easily read letters. The fourteen
keyboard functions of a typewriter,  segment pattern represents letters,
NewBrain provides cursor control  numbers and punctuation symbols

for screen and line formatting and

e

Ve
~— for printers. VDUs, moderns etc ; for user's own equipment
: |
|

i . i

in a natural and pieasing form. The

user port and analogue comnector

——

—_—

| |

- ™ E3 % &
LofQcj-4 J )

control hey
enables all 32 ASCIISO
control codes to be generated

s J o J Qo Jo)

shift, allowing the generation of al
96 upper and lower cass ASCIISO
printing characiers

“T T

wrophics hey

enables the 64 viewdat graphics
symbois 10 be produced, or other
gaphics symbols, according 1©
mode ol use

repeat hey

B .
" — . g -

|
L

RS N Y, SNy S S W S
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display is tilted forward. it has a NewBrain comes in various

wide viewing angle and the blue-  versions to suit different

green colour minimises eye fatigue. applications. The ful', specified
The 64 upper case ASCILISO model contains rechargeabile
printing characters can be displayed batteries and has the vacuum

and, in addition, the lower case fiuorescent read-out. Other models
letters are displayed as capitals. are without the batteries or without
Displayed characters can be made  the read-out, special models may

applications. NewBrain expansion
boxes are compatible with all
standard models; they are
connected by cables and can be
clipped on under the main module
or bult up into separate stacks

The NewBrain case is in hard-
wearing ABS

to flash to draw be available for certain OEM
attention.

‘ oy B
n—”ii : }

composite video connector + TV conmector ' bus connector
for smndard video monitor ' for domesnc TV sets | tor memory and other expansions
in NewBrun boxes
!r_
16 ch blue-green
represents characters in
ASCDASO 64 character
‘tlerype shift'.
[ bl
( }
- n
Bkl B
N K L + N
———t——————— video VOt hey
used i congunciion with NewBrain
video text module
contyel hoys

for Bne and scresn ediiing.
Thess heys repast sutomatically
o hald down.
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Versatility is NewBrain's
hallmark. It fits on the desk as
easily as the telephone. Small
enough to be held in the hand, it
;nginto the briefcase as easily as a

For outdoor use there is no
comparable product. From on-the-
spot handicapping and sporting
statistics to navigation at sea or in
the air, from data collection around
site, factory or warehouse to on-
the-spot sales and financial
calculations while travelling or
visiting clients NewBrain has nc
equal.

On the desk top NewBrain offers
the lowest cost solution to all
computing requirements; it can be
used as an enquiry or a data entry
terminal, as part of a network, as an
aide-memoire, a calculator, a word
processor, a financial planner and
many other things, and, of course,
as a stand alone computer. Yet
battery back-up is still available
allowing the NewBrain to continue
working while being taken from
office to office or office to home,
and ensuring immunity to faults in
the mains supply.

In the laboratory, NewBrain
provides straight forward and wide
ranging interfacing, and its
compactness makes it ideal for the
crowded bench.

A version of NewBrain can be
obtained without self contained
display for use where TV sets or
monitors are already available as in
schools and colleges. In this way
Nchrainmmﬂdczdd\Qmat
powerful and lowest cost
computing realisable.

NewBrain provides compact
powerful computing for the first
time at an ultra low cost for the
benefit of sportsmen, scientists,
students, doctors, farmers,
teachers, lawyers, technicians
shopkeepers.

H-5




The NewBrain video and UHF
outputs will drive any standard
television set or video monitor
providing a display of 24 lines of
40 or 80 characters across the line
The display character set includes
all 96 ASCIL1SO pnnting
characters. the 64 video text mosaic
graphic characters, the Greek
alphabet. Western European
accented characters, Nordic
characters. ine drawing graphics.
games graphics and other symbols
The display may be mixed with a
high resolution display of up to 240
dots vertically by 256 or 512
honzontally

NewBrain has a dual audio cassette
interface suitable for use with most
tape recorders for program and
data storage It is highly tolerant of
wow. flutter and phase distortion
One or two tape recorders may be
used The data is transferred at a
rate of 1200 baud

All NewBrain models have a V24
senal pnnter output and a bi-
directional V24 interface for
modems, VDU's and other
equipment The baud rate s
software selectable Certain models
have additonal V24 interfaces and

—

extra interfaces for all models are
available in expansion boxes.

Some NewBrain models have 8 bit
paralle!l inputs and outputs and
analogue inputs and outputs for
interfacing to other equipment for
laboratory use. control applications
and other purposes. Extra ports can
be provided in expansion boxes

All standard NewBrain models have
a bus expansion port and a DMA
port for connection to the
expansion boxes and other
NewBrain enhancements
Additional memory and interfaces
are iinple  ented in all models in
universai expansion boxes.

NewBrain software includes a
screen editor. a BASIC compiler. a
high speed floating point
mathematcal package and a
powerful operating systemn
Software modules in development
include Z80 Assembler. COBOL.
Pascal, statistical and financial
packages and text processing
systems

The screen editor provides for the
editing of pages of up to 256 lines
of text. each line of any length

@r:rmth] ! Grundy Business Systems Ltd.

Sales and Administration Marketing and R&D
Somerset Road. Teddington.  Science Park. Milton Road.

Tel 01-977 1171

Cambndge CB4 4BH
Tel 0223 350355

H-6

There are many advanced features
including the insertion and deletion
of characters and lines at any
position; up to 256 pages can be
maintained at a ime.

NewBrain's BASIC compiler is an
enhancement of the ANSI standard
language including formatting of
numerical output. advanced
input/output features and string and
logical functions The high speed
floating point mathematical
package is accurate to 10 significant
figures and all trigonometrical
functions and inverse
trigonometrical functions are
included The operating system
allows the BASIC or any other
program in control of the NewBrain
to drive all the various NewBrain
inputoutput devices in a simple
and uniform way

NewBrain software expansion
modules plug into NewBrain or
NewBrain expansion boxes and
genuinely extend rather then
replace the software already
present. once plugged in they need
never be removed and up to four
megabytes of software can be
added in this way
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Sinclsir Research Limited
6 K:ng's Parade Cambrdge CBZ 1SN England

: US Office: 50 Stanford Street Busior
‘ Massachusetts MAC2''4 USA
. Telephone (6171 742 4826

— (g [ — ||

f

Photo shows a model of the Sinclair Microvision flat screen
pocket TV which will be available during 1982, Designed to
retail at around £50 the Microvision incorporates an

F1 radio and will be able to receive transmissions almost
anywhere in the world.

Production of the Microvision is to be sub-contracted by
Sinclair Research to the Timex Cornporation in Dundee,
Scotland, as part of a £5 million capital investment
programme announced on 18th February 1981.
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Diagram shows sectional views of the Sinclair Research
flat screen TV tube which measures approx. 4 x 2 x 3/4
Initially it will be used in a multi-standard Sinclair
Microvision pocket TV which will be available in 1982
and retail at around £50.

The tube is the result of a 5 year, £1 million plus,
part NRDC-backed research and development programme.
The cathode ray tube's electron gun is placed to the
side of and in parallel with the phosphor screen (a).
A transparent coating of tin oxide on the front plate
forms focusing electrode that guarantees a circular
beam spot on the screen (b).

(Reprinted from 'Electronics International’
Copyright 1979 McGraw Hill, all rights reserved)
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GLOSSARY

Acoustic Coupler/Modem: A device which allows computer signals to be encoded,
transmitted via telephone lines, and decoded.

Baud: Rate of data transfer in units of "bits per second".

Byte: Several binary digits of storage (often 4 or 8). The smallest addres-
sable piece of storage.

FADAC: Field Artillery Digital Automatic Computer.

Flags Displayed®™: On-Off "dots" which indicate a function or feature is
active; for example, low battery, shift, degrees vs. radians.

HHC: Hand-Held Computer.
K: One thousand. For example, 3K = 3000.
MOS: Military Occupational Specialty.

Numerical Processing: When the computer is doing numerical processing, it
reduces all inputs to their simplest numeric form, e.g., 2x8 would be immed-
jately converted to "16" with no record kept of how that value was produced.
(Compare "string processing".)

Parse: To divide a string of alphabetic data into pieces in order to facili-
tate its analysis on a component basis.

Peripheral: Optional add-on components like printers, extra memory, modems.
(Compare "mainframe".)

QWERTY: Standard typewriter keyboard format.

RAM: Random Access Memory - can be both read and changed during execution;
requires power or it will "forget".

ROM: Read only Memory - cannot be changed during program execution; requires
no power to retain memory.

RPN vs. Algebraic Notation: RPN (Reverse Polish Notation) is a logic system
for entering arithmetic operations into a calculator. In order to compute
"3x4 = ?", the user types "3", hits an "ENTER" key, types "4" and presses "x".
As soon as the "x" is pressed, the answer 12 appears.

The common alternative logic for calculator entry is called "algebraic". The
keystroke entry sequence is "3", "x", "4" and "=". When "=" is pressed, the
answer appears. Despite the unnaturalness of RPN for users unfamiliar with it,
it has been shown (Kasprzyk, Drury, and Bialas, Ergonomics, 1979, No. 9,

pages 1011-1019) that with well-trained users of both systems, the RPN logic
proved superior consistently in terms of speed, errors, efficiency, etc.
Because of this, some high-powered calculators use RPN. Nevertheless, because
the training uses anticipated for the HHC involve little use of the HHC as 2
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calculator and because the HHC will ordinarily be available only during train-
ing, it seems better to acquire an HHC which uses algebraic logic. Such an
HHC can accept formulas nearly exactly as they appear in a textbook or field
manual.

RS-232C: A standard high speed connection jack used by the computer industry
for transferring data.

Selective Dot Erase*: A display device capability such that any dot on a dis-

play can be erased (or written) independently of all others; useful for anima-
tions and complex graphics.

String Processing: When the computer is doing string processing, it does no
automatic conversions and treats letters, numbers, and punctuation identically;
a "5" followed by a "0" is not treated as the number "50", but merely as con-
secutive entries no more or less meaningful than the entry of "$%" or "WZ".
(Compare "string processing" and "parse".)

Trap-Door Encrypting Algorithm: An algorithm for encrypting which allows
encoders to have an encryption key which can encode, but not decode, informa-
tion.

User's Characters*: Characters, e.g., foreign alphabets, or iconic symbols
which have been designed and stored in software but can be plotted as a single
symbol.

* This is a definition for a term used in the table in Appendix A -- it is not
a general definition.
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INTRODUCTION

This study was undertaken to examine the feasibility of using hand-
held computers (HHCs) for U.S. Army training purposes. Task I of this study
surveyed the available HHCs and compared their features with regard to possible
uses for training. The purpose of Task II was to survey selected Army courses
taught at the U.S. Army Ordnance Center and School (USAQOC&S), and identify
specific training tasks that could be used to demonstrate the feasibility of
using HHCs for training.

This report presents the results of Task II.

CAPABILITIES OF CURRENTLY AVAILABLE
HAND-HELD COMPUTERS

The results of Task I showed that a number of significant training
applications could be supported by the available technology of HHCs. The infor-
mation gathered on the available devices did not permit firm, quantitative
comparisons among the different devices, due to their different features and
the different ways in which training tasks would be impiemented on each device
to capitalize on these different features. Firm conclusions cannot be made
about the best HHC for training or for use in a training feasibility evaluation
until a set of benchmark training applications are defined and programmed, and
implementation is attempted on the more promising candidate devices. Task I
concluded that the Panasonic/Quasar HHC was the most versatile and powerful
device currently available, and that it could handle a reasonable subset of the
training applications identified. Of course, the technology continues to evolve

and improved capabilities and new devices are constantly being introduced into
the market.

SURVEY OF SELECTED COURSES TAUGHT AT USAOC&S

Rationale for Course Selection

During meetings at USAOC&S, the various training course offerings,
both enlisted and officer, were discussed. Courses were selected for review to
represent the range of training activities offered at the school. The following
courses were selected for review:
63B10 Light Wheel Vehicle/Power Generation Mechanic
44E30 Machinist
45G10 Fire Control Computer Repairer
41C10 Fire Control Instrument Repairer
C20 Ordnance Officer Basic

C22 Ordnance Officer Advanced
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The enlisted MOS courses selected represent entry level training (63B10,
41C10, and 45G10) and advanced level training (44E30). These courses cover
direct support and general support level maintenance. The officer courses
selected represent both basic (C20) and advanced (C22) speciality courses.

Review Procedure

Interviews were conducted with the Team Chiefs, who are responsible
for Course Development, and with personnel responsible for conducting the
courses. In the interviews the concept of using an HHC for training was discus-
sed. The following kinds of questions were asked:

What is difficult to teach/learn in this course?
Why is it difficult?

3. What parts of the course result in the most drop-outs,
failures, or turnbacks? ~

4. Are there some things that are not taught because of
their difficulty, and are left For 0JT?

5. What would you gain/lose by using an HHC in this
course?

In addition to the interviews, the Program of Instruction (PQI) for

each course was reviewed, and Lesson Plans for selected subjects in each course
were studied.

Rationale for Task Selection

Tasks suitable for training on an HHC were selected in each course
based on:

e Course need - the lesson was difficult and students
could benefit from enhanced training

o Interesting application - the lesson offered an
opportunity to illustrate a different way of applying
HHCs to training

e Generalizability - the lesson represented a type of
activity common to many courses (e.g., troubleshooting)

A variety of ways to enhance training using an HHC in the school
environment were suggested during the course survey. These ways include rein-
forcement training, remedial training, self-testing, proficiency testing
(examinations), and training management. Reinforcement training could involve
review and practice pr.or to examinations, and computer guided practice with
additional problems. Remedial training could involve additional work with an
HHC as assigned by the instructor.
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The HHC does not appear to be particularly useful for initial instruc-
tion (i.e., the traditional CAI tutorial mode). This is due to the limited dis-
play capabilities of existing devices. Neither does the HHC appear useful for
tasks involving "seeing and feeling" or hands-on use of equipment. Since much
of the course for MOS 41C10 (Fire Control Instrument Repairer) involves train-
ing for these types of tasks, applications of an HHC were difficult to concep-
tualize. No applications were identified for this course and it was eliminated
from further consideration. Applications in the C20 course (Ordnance Officer
Basic) were found to be very similar in approach (but not content) to applica-
tions in the C22 course (Ordnance Officer Advanced). In addition, more of the
C22 course appears devoted to problem solving and practice exercises. For these
reasons the C20 course was not studied further.

Description of Potential Applications

Potentially useful applications were found for most courses examined.
Of course, many parts of the courses cannot effectively utilize an HHC to
enhance training. As previously noted, the HHC does not appear useful for
initial instruction. Many of the potential applications will require reference
to supplemental sheets or student handouts to circumvent the display limitations.

63B10

The most promising applications in the 63B10 course involve trouble-
shooting vehicle systems and use of various TMs (helping soldiers understand
TMs and checking soldiers' use of TMs). Table 1 presents the potential
applications identified and a detailed example of how troubleshooting using a
TM can be taught.

44E30

The most promising applications in the 44E30 course involve aiding
the student in the use of shop math at the machines. This application is
possible because of the size and portability of HHCs. Table 2 presents the
potential applications identified and a detailed example of how use of shop math
can be reinforced.

45G10

The most promising applications in the 45G10 course involve digital
electronics. Table 3 presents the potential applications identified and a
detailed example of drill-and-practice in one basic subject.
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TABLE 1. POTENTIAL APPLICATIONS IN THE 63B10 COURSE

Course: 63B10 Light Wheel Vehicle/Power Generation Mechanic.

Lessons: Parts of A-3, A-5, A-6, A-8, A-10, A-11, C-1, C-7, C-13, C-14, C-17,
b-T, D-3, E-1, E-8, E-11, H-1, H-3 (Lessons related to Power Generation have
been excluded, due to possible revisions in the PQI.)

Applications: Drill and practice for characteristics of vehicles and tools*,
automotive*electricity » shop safety, use of reference material, and engine
principles .

Problem solving for troubleshooting vehicle systems®, and for
vehicle recovery problems .

Games to practice troubleshooting.

Training management for testing, and for diagnosing student
learning problems related to the referenced lessons.

Wil probably require reference to printed illustrations or problems.

63B10 Example: A student wants self-testing on troubleshooting prior to the
course examination. The student is provided with an HHC with preprogrammed and
preloaded programs to randomly generate a series of troubleshooting problems.

The HHC is used to generate troubleshooting problems, display
symptoms and test results, provide feedback on the tests selected, monitor use
of the TM, and score the final decision (identification of the failed compon-
ent).




TABLE 1. POTENTIAL APPLICATIONS IN THE 63B10 COURSE
(Continued)

General Flow

Example

Student (S) turns HHC on

Computer (C) displays
menu of available lessons

S selects appropriate
choice

C acknowledges choice

C asks S to choose vehi-
cle

S selects appropriate
vehicle

C acknowledges choice

C randomly selects compon-
ent to fail (but does not
tell student)

C displays appropriate
symptom(s) of malfunction
C asks S to indicate
appropriate T™

S enters TM number

C indicates whether cor-
rect or incorrect

C asks S to indicate page
number from TM

S enters page number

C indicates whether page
is correct or incorrect

C asks S to select test
number from page in TM

S enters test number
C displays test result(s)

C asks S to select next
test

S enters test number

For example, the menu of lessons might be:

1 - Troubleshoot fuel system

2 - Troubleshoot electrical system
3 - Troubleshoot clutch

4 - Troubleshoot service brakes

5 - Troubleshoot steering

Suppose S enters "1"

C displays "You have chosen Lesson 1"

'C displays "Which vehicle? M151, M880, or
M3527¢

S enters "M35"

C displays "0.K. Troubleshooting the fuel
system on the M35"

C selects defective injection fuel pump from
1ist of possible malfunctions

C displays "Symptom is engine cranks but will
not start"

C displays "Enter TM number?"

S enters "TM9-2320-209-20-1"

C displays "Correct TM"

C displays "Enter page number?"

S enters "2-19"

C displays "Correct page number"

displays "Enter check"

enters "2.1" or "Check fuel level"
displays "Gage reads full and fuel in tank"

C displays "Enter check"

enters "2.2" or "Check fuel pump"




TABLE 1.

General Flow

21

22

23

24
25

27

28

29

30

31

32

33

34

35

36

38

C displays test result(s),
etc.

C asks S to select next
test

S enters instructions to
go to new page

C acknowledges choice

C asks S to select next
test

S enters test number

If incorrect, C provides
correct test number, etc.

POTENTIAL APPLICATIONS IN THE 63B10 COURSE

(Continued)

Example

C displays "No fuel in pump"
C displays "Enter Check"
S enters "Go to 2-17"

C displays "Going to 2-17"
C displays "Enter check"

S enters "2.2" or "Examine fuel pump"

C displays "No, you should perform check 2.1
first"

C displays "Enter check"

S enters "2.1" or "Check filters and lines"
C displays "No plugs or defects"

C displays "Enter check"

S enters "2.2" or "Examine fuel pump"

C displays "Pump does not operate"

C displays "Enter check"

S enters "Replace fuel pump"

C displays "No, you should go to page 2-101
first"

[After completing checks on pages 2-101 and 2-102]

S enters decision to per-
form some maintenance
action

C acknowledges choice

S enters "Replace fuel pump"

C displays "Fuel pump replaced"




TABLE 1. POTENTIAL APPLICATIONS IN THE 63B10 COURSE

(Continued)
General Flow Example

39 C displays "Enter check"
40 S enters "Crank engine"
41 C displays "Engine starts"
42 C indicates whether cor- C displays "Good. You completed this problem

rect or incorrect and in 125 seconds.”

scores performance
43 C returns to lesson C displays "Select lesson?"

selection step (Step 2)

After compieting the problems, the HHC can store and display the
number of problems attempted, the number of errors and the type of errors by
system (fuel system, electrical system, etc.). This information can be used as
the basis of a game or contest among students.




TABLE 2. POTENTIAL APPLICATIONS IN THE 44E30 COURSE

Course: 44E30 Machinist BTC

Lessons: Parts of EA-1, EA-2, EA-4, EC-16, EC-23, EE-2, G-1, H-1, H-2, H-4 and
H-5.

Applications: Drill and practice for basic math, metric conversion, use of
trig tables, shop safety, ge]ding symbols™, nomenclature for tools, machines,
drills, threads, and gears .

Problem solving for shop math prob]ems*, job estimate problems*,
and iayout problems .

Job aid for guiding problem solving while at the machines (not
functioning as a calculator or substituting for use of the FM).

Training management for testing, and for diagnosing student
learning problems related to the referenced lessons.

* Wi probably require reference to printed illustrations or problems.

44E30 Example: A student is working on shop math problems. The student is pro-
vided with a sheet of shop math problems, a sheet of formulae, the necessary FM,
and an HHC with preprogrammed and preloaded programs to match the problems.

For example, the problems might be:

1. Find the correct drill speed (in rpm) for drilling a 1/2-inch hole in a
stainless steel plate 1/4-inch thick.

2. Find the correct drill speed (in rpm) for drilling with a Number 35 twist
drill in forged steel that is 1/8-inch thick.

3. Find the correct spindle speed for cutting a 1-1/2-inch diameter aluminum
stock 4-inches long on a lathe.

4. Compute the tap drill size for a 3/8-16 UNC thread.
5. Find the major diameter for a No. 10-32 screw.
6. Compute the tap drill size for a No. 10-32 screw.

The HHC is used to guide the selection of the correct formula,
provide feedback on values being used (from problem statement or TM,, guide
arithmetic computations (but not perform the computations), and score the pro-
blem solution.




TABLE 2. POTENTIAL APPLICATIONS IN THE 44E30 COURSE

General Flow

(Continued)

Example

10

M

12

13

14

15

16

17

18

Student (S) turns HHC on

Computer (C) displays
menu of available Tessons

S selects appropriate
lesson

C acknowledges choice

C asks S to enter problem
identification from sheet

S enters problem identi-
fication

C acknowledges choice

C asks S to select equa-
tion from sheet

S enters equation or
identification number

C indicates whether
correct or incorrect

If correct, C asks S to
enter value for first
variable

S enters value from T™M
C checks and acknowledges

if within range and in
correct units

C asks to enter value for
second variable, etc.

S enters value

When all values have been
entered, C asks for par-
tial solutions

S enters partial solu-
tions

C indicates whether
correct or incorrect
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For example, the menu of lessons might be:
1 - Basic Math

Metrics

Use of Trig Tables

Shop Math Problems

Job Estimate Problems

Layout Problems

AL WN
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Suppose S enters "4"

C displays "You have selected Lesson 4"
C displays "Enter Problem Number"

Suppose S enters "1"

C displays "You have selected Problem 1"
C displays "Select equation”

S enters "RPM = (CSx 4)/D"
C displays "Right equation!"

C displays "Enter CS"

enters "30"

accepts values between 30 and 40
displays "What units?"
enters "rpm"

displays "Correct, Enter D"

O LMoo W

enters "1/4 inch"
displays "Correct"

C displays "What is CS x 47"

oOowm

S enters "120Q"

C displays "Correct"
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TABLE 2. POTENTIAL APPLICATIONS IN THE 44E30 COURSE

(Continued)
General Flow Example
19 If correct, C asks for C displays "What is correct RPM?2"
final solution
20 S enters final solution S enters "480"
21 C indicates whether cor- C displays "That's right!"
rect or incorrect
22 If correct, C asks for S (Not applicable in this example)
decision (drill size,
machine setting, etc.) if
appropriate
23 S enters decision
24 If correct, C scores pro- C displays "You have 1 right out of 1 pro-
blems, displays results blems. Enter Problem Number"

20

8l
9l
10’

and returns to enter
problem identification
step (Step 5)

Suppose the S makes a mistake at 20:

S enters final solution S enters "30" or other wrong answer

C indicates whether cor- C displays "That's not correct. Try again."
rect or incorrect

S enters "30" again

C aids S C displays "You must divide 120 by 1/4.
That's the same as multiplying by 4. Try
again."

S enters "480"

C indicates whether cor- C displays "That's right!"

rect or incorrect

C indicates results and C displays "You have 1 right out of 1 pro-

returns to Step 5 blems. You have made 1 errors. Enter Pro-

blem Number"

Advanced Lessons
Steps 1-7 as above:

C asks S for final answer C displays "Enter final answer"

S enters answer S enters "400" or other wrong answer

C indicates whether cor- C displays "Not quite correct. Let's check
rect or incorrect and (if how you got that answer"

error cannot be diagnosed
from the answer) begins
step-by-step mode of Pro-
blem Solving (goes to
Step 8 in main sequence)

10
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TABLE 2. POTENTIAL APPLICATIONS IN THE 44E30 COURSE
(Continued)

.

After completing the problems, the HHC can store and display the
number of problems attempted, the number of errors, and the type of errors
(selecting formulae, looking up tabled data in the FM, arithmetic errors, deci-
sion errors, etc.). Some of this information can be used as the basis of a
game or contest among students.
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B-14, B-15, B-16, B-17, B-18, B-19, B-20, C-1, C-2, C-

TABLE 3. POTENTIAL APPLICATIONS IN THE 45G10 COURSE

Course: 45G10 Fire Control Systems Repairer

Lessons: Parts of A-5, B-1, B-2, B-3, B-4, B-5, B-6, g -7, B-8, B-9, B-10, B-11,
an

nd C-5.

Applications: Drill and pract1ce for shop safety, electr1ca1 safety, bas1c*
electricity, circuit ana]ys1s , basic digital circuits”, logic applications
and number system conversions.

N Problem solving for circuit analysis and logic mechanization
problems”.

Training management for testing, and for diagnosing student
learning problems related to the referenced lessons.

*- Will probably require reference to printed illustrations or problems.

45G10 Examplie: A student requires reinforcement training on binary/octal/

hexadecimal conversions. The student is provided with an HHC with preprogrammed
and preloaded programs to randomly generate a series of number system conversion
problems.

The HHC is used to generate and display the problems, adjust the
difficulty level to student performance (adaptive program), guide the problem
solution, and score the answer.

12
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:3 TABLE 3. POTENTIAL APPLICATIONS IN THE 45G10 COURSE
1_ (Continued)
) General Flow Example
;‘ Student (S) turns HHC on
' 2 Computer (C) displays For example, the menu of lessons might be:
menu of available lessons 1 - Number Systems
2 - Decimal - Binary Conversion
3 - Decimal - Octal Conversion
4 - Decimal - Hexadecimal Conversicn
5 - Binary Arithmetic
6 - Boolean Logic
7 - Flip~Flop Circuits
8 - Logic Mechanization Problems
3 S selects appropriate Suppose S enters "2"
lesson
4 C acknowledges choice C displays "You have chosen Lesson 2"
5 C generates and displays C displays "3(10) = _ _ (2)?"
initial problem (using
random number generator)
S enters answer S enters "11"
C indicates whether cor- C displays "Right!"
rect or incorrect
8 C generates and displays C displays "101(2) = _ (10)?"
second problem
9 S enters answer S enters "5"
10 C indicates whether cor- C displays “"Right!"

rect or incorrect.

If S answers three pro-
blems in sequence cor-
rectly, C increases diffi-
culty of subsequent pro-
blems. If S answers two
problems in sequence
incorrectly, C decreases
difficulty of subsequent
problems.

If S makes an error, C
repeats problem after 2
or 3 intervening pro-
blems.

13




TABLE 3. POTENTIAL APPLICATIONS IN THE 45G10 COURSE
(Continued)

-

- e, s
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General Flow Example

11 When many (10 to 2C) pro- C displays "You got 19 out of 20 problems
blems have been attempted, correct. Very good. Enter Problem Number".
C displays results and
returns to select lesson
step (Step 2).

C stores S difficulty
level until deliberately
cleared. (This allows S
to extend lessons at latest

difficulty level.) A

C stores problems missed
for instructor diagnosis.

After completing the problems, the HHC can store and display the pro-
blem difficulty level and percent correct score. This information can be used
as the basis of a game or contest among students.

14




The most promising applications in the C22 course involve problem
solving for preparing orders, completing forms and performing exercises. Table
4 presents the potential applications identified and a detailed example of how
preparation of orders can be taught.

Priorities for Implementation

The potential applications identified in four courses reviewed during
the survey were ranked in order of priority for implementation for a feasibility
test and evaluation study.

In rank ordering the courses consideration was given to (a) satisfying
training needs of the course and (b) providing a useful setting for a test and
evaluation study. This means that there must exist a substantial block of
instruction (not bits and pieces) in the course that can benefit from introduc-
tion of an HHC for training. In addition, the student volume of the course
should be large enough so that number of participant students will not be a
problem in a statistical study. Finally, the applications should be generalizable
to other TRADOC courses.

The courses are listed below from highest to lowest priority:

1. 63B10 Light Wheel Vehicle/Power Generation Mechanic

2. 45G10 Fire Control Systems Repairer

3. 44E30 Machinist

4. C22 Ordnance and Chemical Qfficer Advanced

The 63B10 course has blocks of instruction devoted to troubleshooting

vehicle systems and has a high volume of students. Troubleshooting is a signi-
ficant part of many TRADOC courses.

The 45G10 course nas a block of instruction devoted to basic digital
electronics. In addition, students in this course (concerned with computer
maintenance) would be motivated to use HHCs in their training.

The 44E30 course has blocks of instruction devoted to basic and shop
math. The HHC could be useful at the machines.

The C22 course has numerous problems and exercises. These occur

throughout the course, and require the development of large amounts of supple-
mental material (handouts) to implement training using an HHC.

15
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TABLE 4. POTENTIAL APPLICATIONS IN THE C22 COURSE

Course: C22 Ordnance and Chemical Officer Advanced

Lessons: Parts of A2-10, A2-12, A2-14, A2-15, A2-19, A2-21, A3-2 through
A3-8, A3-10, A3-11, A3-12, B1-2, B2-1, B2-5, B2-7, D1-6, D2-5, D2-6, E-3, E-5,
-2, -3, 11-6, 11-9, I11-11, I11-12, 11-15, I1-21, 11-23, I1-40, I12-8, I3-5,
I14-6, 15-2 through I5-8, [5-14 through I5-27, 15-31, 16-2, 16-3, 16-5, 16-6,
16-7, 19-3 (POI dated January 1930).

Applications: Problem solving for geading printouts™, respogding to situa-
tions’, solving managerial problems 3 computing requirements , computing wea-
pons effects™, and analyzing reports™.

Inquiry for developing p]ans*, and completing forms™.
Games to practice estimating and computing skills™.

Training management for testing, and for diagnosing student
learning problems related to the referenced lessons.

*o Wil probably require reference to printed illustrations or problems.

C22 Example: A student needs reinforcement training in preparation of Operation

Orders. The student is provided with a sheet containing order and plan problems,
an HHC with preprogrammed and preloaded programs to match the problems, partial
information corresponding to each problem (but not in correct format or
sequence), and a set of blank standard forms.

The student identifies the situation or problem, and then selects
the questions he needs to ask to get information from the HHC to complete the
form. The partial information provided for each problem obviates the need to
display lengthy pieces of information. Nevertheless, the student must identify
which crucial pieces of information (dates, unit designations, etc.) needed to
complete the OPORD are missing, and must determine where to place the available
information in the OPORD form. Extraneous information may also be present in
the information sheet provided for each problem. In response to the student's
questions, the HHC provides the requested information, or indicates that it is
already available in the information sheet. The student then indicates where the
information goes on the OPORD form. Upon completion, the HHC scores the solu-
tion, and, when connected to a printer, can print the OPORD, if desired.

16




™

"'f'v.*.'_. — .vﬁ -y g
. Lo e e

LA NN w e

. 1.1 P

TABLE 4.

General Flow

.......

POTENTIAL APPLICATIONS IN THE C22 COURSE

(Continued)

Example

10

1

12

13

14
15

Student (S) turns HHC on

Computer (C) displays
menu of available lessons

S selects appropriate
lesson

C acknowledges choice

C asks S to enter problem
identification from sheet

S enters problem identi-
fication

C acknowledges choice

C asks S to enter first
question

S enters question to
obtain information not
available in the handout

C provides relevant infor-
mation or the location of
the requested information
in the handout

C asks S to indicate
where in the OPORD the
information should be

placed

S indicates location in
OPORD form

C asks S to enter next
question

S enters question

C provides the location
of the requested infor-
mation in the handout

For example, the menu of lessons might be:
1 - OPORD/OPLANS

2 - ADMIN/LOG orders
3 - SOP's

4 - Warning orders

5 - FRAGO's

Suppose S enters "1"

C displays "You have selected OPORD/OPLANS
C displays "Enter Problem Number"

Suppose S enters "1"
C displays "You have selected DISCOM GPORD
Problem A"

C displays "Your question?"

S enters "What is enemy forces situation?"”

C displays "Annex A (Intelligence) to 25th
Armed Division OPORD 26"

C displays "Placement?"

S enters "Paragraph 1 a"
C displays "Your question?"

S enters "What is friendly forces situation?"

C displays "See Note 3" (Note 3 in the hand-
out contains a description of friendly forces
situation, but lacks certain essential items
of information necessary to complete Para-
graph 1 b.)

17
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TABLE 4. POTENTIAL APPLYCATIONS IN THE C22 COURSE

General Flow

16

17

18

19

20

21

C asks S to indicate where
in the QPORD the informa-
tion should be placed

S indicates location in
OPORD form

C asks S to enter next
question

S enters question

C provides relevant infor-
mation

C asks S to indicate
where in the OPORD the
information should be
placed

S indicates location in
OPORD form -

C asks S to enter next
question, etc.

When S has asked all ques-
tions he needs, he indi-
cates placement of
remaining items in hand-
out. C indicates whether
additional questions need
to be asked and/or infor-
mation placed in the OPORD
form. C scores the pro-
dlem based on the number
of unnecessary questions
asked and the placement
of only relevant infor-
mation in the correct
paragraphs of the OPORD.
C displays the results,
determines if a print-
out is desired, and
returns to the problem
jden.ification step

(Step 5).

(Continued)

Example

C displays "Placement?"

b ]

A}
S enters "Paraqraph 1 b"
C displays "You;'question?"

S enters "When does attack occur?" (Appar-
ently Note 3 did not contain this needed
information.)

C displays "100500 May"

C displays “Placement?"

S enters "Paragraph 1 b"

C displays "Your question?"

18
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TABLE 4. POTENTIAL APPLICATIONS IN THE C22 COURSE

(Continued)

General Flow

T T T TR T T L

Example

When connected to a printer,
C will print out the OPORD
as prepared and sequenced
by S along with the pro-
blem number, the number of
unnecessary questions
asked, the number of irrel-
evant items of information
included, the number of
essential items of
information omitted, the
number of items incor-
rectly placed, etc.

After completing the problems, the HHC ran store and display the number

19

of problems completed, the number of errors, and the type of errors made. This
information can be used for diagnostic purposes by the instructor.




DISCUSSION

Considerations Regarding the Choice of a Specific Device

New Devices

Since computer technology is an area of such active exploration and
development, it is hardly surprising that new HHCs are being marketed regularly
and that little advanced information is supplied. Specifically in this case, two
significant new devices have become available in the few months since Part I of
this study was prepared. Tandy (Radio Shack) has announced the TRS-80 PC2, a
considerably enhanced version of the PCl. Several of the major limitations
(especially expandable memory size) have been improved, but no actual devices
or detailed specifications are available at this time. The cost should be
about $280 and deliveries are promised in the second quarter of 1982. Note that
the table in Part I refers only to the older PCI.

Hewlett-Packard has announced nearly a dozen new peripherals which
enhance the HP-41C. A bar code printer and extra memory (4K) are the most
important additions for Army training needs. An important set of business soft-
ware was released for the Panasonic/Quasar. Although none is related to Army
training needs, the availability of such software opens the possibility that
Army units may acquire the device as an everyday tool and thus have it available
for embedded training applications (see section on piggybacking and embedding
capabilities).

Memory Considerations

The size of the available memory remains a significant issue. In
general, nearly all microcomputer users eventually become sophisticated enough
in their needs and applications that they run out of memory space. Although
large memories may not be needed for a demonstration project, eventual useful-
ness of a device will probably be limited by memory size. Flexibility in memory
type can be useful, as well. Although pre-programmed ROM is optimal for long-
term, field-use delivery, the demonstration project would be advised to use the
more easily modifiable RAM memory. Later, a ROM could be produced by the manu-
facturer from the program stored in the RAM. Thus, ideally, large amounts of
both types of memory should be available.

It is true that many instructional examples (including those noted in
this study) can be programmed in a few thousand bytes. However, most of those
uses are not cost-effective if they stand alone.

One would not put a small drill-and-practice lesson on an intelligent
device: flashcards would be cheaper. Only if a large number of items were to
be learned and a sophisticated feedback paradigm were to be used would an HHC
be cost justified. Likewise, a simple simulation or problem-solving task can
be programmed on almost any HHC, but a job performance aid would be only a few
pages for such a task. Only for a complex, interrelated system could cost-
effectiveness result from an HHC implementation.
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To summarize, the availability of modular RAM and ROM memory in large
amounts is very important for choosing an appropriate HHC for training.

Display

Because the display is so limited on an HHC, it is important to
consider the types of training problems which need to be solved. Information
presentation via the HHC (e.g., a tutorial) is clearly impractical. The
matrix LCDs offers little over the segment displays unless one designs his own
characters or iconics. Iconics can be useful since they concisely "picture"
some piece of information. For example on a system which required temperatures,
humidity, angle, etc., to be entered, it might be possible to display each input
next to its iconic representation (thermometer, raindrop, pie-slice) on a single
line, rather than paging through several lines to review all input. Upper and
lower gase letters are also important for some topics (e.g., chemistry: Co is
not CO).

Language

Since no HHCs have a CAIl language (e.g., PILOT), it is clear BASIC will
have to be used. However, it is possible to use BASIC effectively if the devel-
opers have access to a library of CAI subroutines which emulate CAI commands.

Speed

For most CAI applications, computer speed is rarely a limiting factor.
Computation can and should be broken up so it is done as each input is made.
A1l the available HHCs appear to have adequate computational power for the kinds
of tasks envisioned.

Peripherals

Although the number and range of peripherals (other than memory, dis-
cussed above) may not be important for training delivery, they do decrease
courseware production costs. Furthermore, they tend to promote general accept-

ance by a large community of users with whom experience can be exchanged.

Logistical Considerations

The discussion of modes of use for a limited test and evaluation
study is clouded by "chicken-and-egg" problems. Some of the most exciting and
most cost-effective modes of use require considerable front-end investment.
For example, most HHCs could be interfaced to a large mainframe computer or a
central microcomputer. Such a system could store training materials and load
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them individually as needed into each student's HHC. Likewise, all results
from students could be fed by interface to the main computer for compilation
and long-term storage. Alternatively, for some HHCs, such data could be
centralized in the instructor's HHC. But for a demonstration program, it is
perhaps most feasible to use less automated means to disseminate courseware
and to record results.

In the long range view, it might be advantageous to issue trainees
HHCs which they carry with them during and after class. This would allow extra
practice to be encouraged in the manner that video games motivate users. For
the demonstration project, however, a simpler approach in which HHCs are handed
out by instructors at the beginning of class and collected when class is over
should provide an adequate test. Different devices would have different
sets of lessons preloaded.

User Acceptance

User acceptance by students is expected to be high because calcula-
tors and computers tend to be intrinsically interesting, high status items.
The "extra" features some HHCs have built in (e.g., the clock/calendar func-
tions) may offer a considerable distraction to students and this may lower
instructor acceptance. Further, during interviews with course instructors,
Battelle researchers noted continuing confusion in the minds of instructors
between calculators (which the school does not provide or encourage students to
use) and HHCs. This difference will be important to point out to instructors
during any demonstration project. Complicating this issue, and probably contri-
buting to a negative image of any HHC chosen, is the "calculator feature" built
into most HHCs. It would require a new ROM to eliminate this feature from the
HHCs -- a fairly costly step.

Instructional Applications Amenable to HHCs

HHCs offer certain specific advantages and disadvantages based on
their characteristics. The sections below discuss how such issues affect poten-

tial instructional uses.

Reasons for Using HHCs

The four main reasons for considering HHCs as an instructional deli-
very device are:

portability

capability for piggybacking or embedding training
size

cost

22
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Portability. Portability of training is probably the best reason for
using an HHC. Though microcomputers are often called personal computers, HHCs
may be considered even more personal; they can be carried in one's pocket in
: - most cases and in a briefcase-sized compartment in all cares. Replaceable or
3 rechargeable batteries provide at least 100 hours of power. Thus, it is easy
to imagine never being without a computer more than a few seconds away. This
concept is so new, its implications are still not clear. What is clear, how-
ever, is that at least for some time few trainees are likely to have an HHC
bought for them by the U.S. Army. The Radio Shack PC2 may have and the Pana-
sonic/Quasar does have features of great use to high ranking officers. These
! devices have a real-time clock, alarm, and message system which lets one set
multiple alarms for the future and attach a message to each. A user of this
HHC should never again forget a meeting, appointment, or medication. The same
device lets the user create and search files he has constructed: phone numbers,
"tickler" files, etc.

! If an HHC is always with the user, the training applications are end-
less. Even with the more typical situation (HHCs that are not regularly car-
ried with the user), there are at least two good applications of the portability
capability of HHCs; field training and salvaged time. Often trainees must walk
around or be a passenger in a vehicle to perform their duties. In such cases
there may be a considerable advantage to a portable training system. Moving
great distances is not necessary: a lab or shop technician being trained to
perform a multi-step task in a large work area will find it much more conven-
jent to carry an HHC (plus a chemical flask, or a machine part) from work-
station to workstation rather than returning to a central, fixed CAI terminal
after each step.

rep—
PPN

If HHCs were adopted by the Army for certain MOSs, wasted time could
be recaptured. Sa1va?1ng wasted time can, in effect, add one to four hours of
training time to a soldier's day. By carrying an HHC loaded with training
material, anyone who spends a lot of time waiting (e.g., a derrick operator or
a security guard) can regain time which is otherwise boring.

Piggybacking and Embedding Capabilities. Piggybacking training is
typically a sound and cost-effective concept whether the computer system used is
a maxi-, mini-, micro-, or hand-held. Because many HHCs have keys “at can be
reprogrammed for each application package, it is very feasible to place a key-
board overlay on an HHC which does Civil Engineering or aviation calculations,
exchange the read-only memory chip (ROM) so training rather than computation
can be done, and commence training. Easy access to and familiarity with the
computer tend to promote convenient training. The extra advantage of HHCs is
the range of subject matter which they are expected to have will expand the
f range of training opportunities.

oy

Embedded training is another capability which is feasible on other
devices, but which may find more applications with HHCs. Embedded training is
training which is an intrinsic part of a tool or machine (generally an "intelli-
gent” device). When an operator of the intelligent device uses it, it may sense
training is appropriate and branch the operator to a training routine. An
oversimplified example: 1if the user of an office copier pressed the "COPY"
button three times without inserting a new original, an intelligent copier
could surmise the user is unfamiliar with the multiple copy controls and provide
a short set of directions. Such a copier does not yet exist: intelligent
copiers exist, but they would use an internal microprocessor for embedded
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training, not a separate HHC. However, few of the existing machines used by the
Army are intelligent. To upgrade these devices without retooling, the Army or a
manufacturer may find it cost-effective to retrofit an HHC into a new or exist-
ing machines for monitoring and controlling purposes. Once this has been
accomplished, embedding training in the monitoring and controlling programs is
straightforward.

Size. Even when a power cord is not a disadvantage, the tiny size of a
HHC may offer advantages over a microcomputer. No doubt that is why an HP-41C
was chosen for use by space shuttle astronauts. Most situations requiring
miniaturization are related to moving vehicles and have already been discussed
under the "portability" heading; nevertheless, there is usually an advantage to
consuming less space: a desk with a HHC on it is less crowded than a desk with
a microcomputer on it.

? Cost. Smaller devices have, in general, meant smaller prices. This
has been one of the reasons for the success of microcomputers. The HHCs now on
the market list in the $170 to $250 range. The Panasonic/Quasar lists for $500-
$600. These prices are very low; however, as with microcomputers, peripherals
can raise the price to nearly $2,500.

W
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Reasons for Using Other Media

—
A

i The portability of HHCs places severe constraints on the keyboard and
i display. No pocket-size HHC has a keyboard on which one can easily touch type,
although it is barely possible on the Panasonic/Quasar. A standard-size key-

S board would limit portability considerably. Some HHCs use an ABCDE-format key-

- board with a 10-key numerical layout which may be easier for some types of users
. to operate. However, no matter which HHC is considered, it is clear that enter-
! ing large amounts of information is slower and less desirable on an HHC.

g The same constraints that make the keyboard small 1imit the size of

5 the display. Information presentation in the traditional mode of a CBI tutorial
- is not practical. It would be practical to use other portable media (e.g.,
printed matter) to provide background information, rules for simulation and
games, etc., and to perform the interaction on the HHC. Within the space con-
- straints of the display, the dot matrix screen provides much more flexibility

: for generating graphics and user-designed characters. For reasonable graphics,
however, a flat TV image is needed. Animation of the existing displays is
I;mited by the speed of the microprocessor and the persistence of the LCD dis-
play.

In conclusion, it is apparent that the tradeoff between small size
(for portability) and large size (for better keyboards and displays) is not
clearly resolvable via technological advance. Battelle believes the severe
display constraints wili restrict the CAI role of HHC at least until voice in-
put and output capabilities are added. We feel that initially HHCs will be
used in those cases where mobility of the training device is paramount.
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Instructional Strategies

CAI on any type or size of machine is often found to be most accep-
ted and cost-effective when the computer is used for the "high level" (a la
Bloom) types of instruction (inguiry, problem solving, simulation, etc.) or
when large data bases are used (e.g., foreign language training). These
techniques cannot be accomplished via other media.

Individualized instruction has also been found to produce consistent
cost savings, and sometimes increased effectiveness. The Army is increasing
the use of computer-supported delivery systems in selected training situations.
Use of computers in the resident training environment is also increasing.

Thus, computer managed instruction (CMI) may provide appropriate situations

for implementing HHCs. The development of a CMI capability for an HHC, how-
ever, is a considerable investment and many of the feasibility concerns for

CMI on an HHC can be satisfied by a study of CAI feasibility. Thus, a test

and evaluation plan of CMI for HHCs is not recommended at this time.

Compelling Instructional Uses for the HHC

The first uses of HHCs for instruction are likely to be similar in
some ways to the first uses of large computers for instruction -- but for
different reasons. Years ago the first CAI instruction was often concentrated
in math because math is so easy to program. On HHCs, mathematical topics are
especially promising because the inputs and outputs are very concise and thus
are not constrained by the limited display capabilities.

Examples of uses where an HHC makes an outstanding contribution to
instructional services should not be expected at this time in standard MOS
school courses. Over time solutions have been found for most training needs or
these needs have been "buried" by the structured nature of tne training. For
example, experienced automotive mechanics can use engine noises and other
sounds to troubleshoot mechanical problems. Since these sounds are difficult to
produce and control in a learning environment, they are not usually included as
part of the course objectives, and alternative troubleshooting and preventative
maintenance techniques are established. Eventually, the need for auditory simu-
lation of various engine noises for training is forgotten. Sound synthesizers
capable of simulating engine noises are now available, but the "need" no longer
exists.

Probably one should expect to find the best examples of HHC appnlica-
tions in non-traditional settings: exported training, skiil maintenance train-
ing, games for off-hours use, etc. Many of the applications could come in
places where little or no training is currently provided. For example, an HHC
could be provided on the job where a soldier is required to use a large number
of acronyms or part numbers.

These more expansive uses of an HHC may be impractical for a demon-
stration project, but they should be kept in mind for the long range. Further-
more, such uses might prove to be so popular that evaluations would be flavored

with the strong emotional reaction to the HHC, not the rational, fact-based
reaction which would be more generalizable.
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CONCLUSIONS AND RECOMMENDATIONS

Recommendations for Training Developers on Use of HHCs

Aliaough HHCs have not been applied to Army training needs and tested
for effectiveness, a number of recommendations can be made, based on analogies
to other CAI applications and the characteristics of available devices.

First, HHCs do not appear useful for delivery of initial instruction,
due to their display limitations. They do appear useful for delivery of rein-
forcement (supplemental) or remedial training. Inputs and outputs must be kept
brief, and references to student handouts will often be required to circumvent
the display limitations.

Second, the availability of large amounts of modular ROM for the
device chosen is important.

Third, applications that capitalize on the HHCs size and portability
or that use the HHC for piggybacking training will be useful.

Fourth, applications that involve drill-and-practice on a large (~100)
number of items, that involve adaptive difficulty, or that involve branching,
will prove useful on an HHC. Applications that involve complex problem solving,
graphics, or complex response judging will prove difficult on an HHC.

Tasks to be Implemented

Two courses with different types of applications should be chosen to
demonstrate the feasibility of using HHCs for enhancing training. These
courses should be the 63B10 course ?troub]eshooting using TM's) and the 45G10
course (basic digital electronics). Sufficient material can be programmed for
each course to provide a test and evaluation of HHCs for enhancing training.

Hardware Availability and Appropriateness

Many of the commercially available HHCs can handle the applications
identified. A1l have extra features that are not needed for training. Extra
capabilities (e.g., memory) may be needed for initial applications, to accom-
modate multiple applications, or for conducting a test and evaluation study.

The Panasonic/Quasar HHC appears capable of handling all the applica-
tions identified. The HP-41C and the TI-59 are most suitable for math
problem solving and math drill and practice, as found in the 45G10 and 44E30
courses. The Sharp/Radio Shack PCl and Pinetree have insufficient memory
capability for most applications.

If two courses are chosen to demonstrate the feasibility of using
HHCs for enhancing training, the Panasonic/Quasar HHC would make a good choice
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for the 63B10 course applications, and the HP-41C would make a good choice for
the 45G10 course applications. The HP-41C's recently announced peripherals
and its comparatively large quantity of existing software (for example, an
algorithm for number system conversions) make it more attractive than the TI-
59 for this application.

Conduct of a Feasibility Test and Evaluation Study

A feasibility test and evaluation study is recommended to evaluate
the effectiveness of HHCs compared to traditional modes of supplementing train-
ing. Two courses and two different devices should be chosen to provide a
range of device types and course applications.

The applications should be refined and programmed in consultation
with subject matter experts for each course. After programming is completed,

several devices of each type to be used in the test should be procurred and
used in a pilot test.

A detailed fea<ibility test and evaluation study plan should be
developed for the HHC segments of the courses. This plan should inciude the
conduct of a pilot test and full-scale tests to evaluate the effectiveness of
HHCs. Among other matters, the plan should describe the source of control
group data for the test.

Finally, sufficient HHCs should be procurred for the test, and the
test conducted.
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